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PREFACE, 

" The object of this publication is, to afford a 
•4s, useful companion to such Students as may attend 
qI^ Lectures in the Universities, at the Royal Insti* 
d tution, or elsewhere ; and also to enable ihe 
Masters of private Seminaries, with a very mo- 
derate Apparatus, occasionally to indulge their 
Pupils with a Practical Course of Lectures on one 
or all of the important branches of Experimental 
Philosophy, Astronomy, and Chemistry. 

Having published some years ago " The Eco- 
nomy of Nature/* the author thinks it neces- 
sary to stafe, that b^th the plan and atrraftgement^ 
of that work are essentially different from those of 
the present. The Economy of Nature does not 
contain Astronomy, nor, in fact. Chemistry, as a 
distinct science; on the other hand, a very large 
portion of that work is occupied with Mineralogy 
and Physiology, which in this are purposely 
omitted, ^ven the subjects which are common 
to both will be found to be differently treated 
in these Lectures. 
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Some parts of these Lectures were formerly 
presented to the world in a periodical publi- 
cation ; but the majority of them have been 
re-written^ and adapted to the present state of 
science, 

Febniary 20, 1808. 
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EXPERIMENTAL PHILOSOPHY, &c. 



LECTURE r. 

EXPERIMENTAL PHILOSOPHY. 



GENERAL OBJECTS AND PBINCIPLES. 

f 

You are, I presume, desirous, my young 
friends, of acquiring knowledge, of satisfying 
your curiosity, of storing your niinds with useful 
ideas, of fitting yourselves tor company and con- 
versation, and of enabling yourselves to proceed 
gradually in the paths of science, till you arrive 
at distinction and eminence. 

Suffer me to ask you, if ^'ou do not feel a 
strong curiosity to know the nature of all those 
objects that you see around you ; to be Informed 
of the causes of those astonishing changes which 
you observe every day produjce. You see the 
sun, which apparently rises every morning to 
give light and heat to the world. You will be 
surprised to be XotAf that it is not the Isun that 
moves upon these occasions^ but it is the earth 
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8 Experimental Philosophy. [Leeture 1 • 

on which yc^u stand, that whirls round, and pre- 
sents diflcrent parts of its surface to the sun at 
certain hours of the day. Or, when you are told 
this,- do you not feel a wish to know the proofs 
and the reasons of it; and why the sun ap* 
pears to move, when in reality it is yourself, or 
rather the earth on which you stand? — Have 
patience, and you shall know all this ; and it 
will be as clearly proved to you as any commoa 
fact, or as the result of any sum in arithmetic. 

Again : You throw a stone, or shoot an arrour 
upwards into the air ; Why does it not go for- 
ward in the line or direction that you give it ? 
Why does it stop at a certain distance, and then 
return back to you ? What force is it that presses 
li down to the ear^h again, instead of its going on- 
wards ^Oo the contrary, Why does flame or smoke 
always aiOunt upwards, though no force is used to 
send ibfin in that direction ? And why should 
not the flame of a candle diop towards the floor, 
when you reverse it, or bold it downwards, in- 
stead of turning up, and ascending into* the air ? 

You look into a clear well of water, or on the 
surface of a looking-glass, and you see your own 
face and figure, as if it was painted there, and 
even more correct than the best artist could draw 
it. Why is this ? You arc certain there is no 
such figure, either in the well or behind the 
looking-glass. You are told this is done by 
reflection* But what is reflection? It must be 
some property in light, which enables it to be 
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thus thrown back to your eyes^ and which causes 
you to see a figure as distinctly as if you looked 
upon the figure itself. This shall also be ex* 
plained to you ; as well as the reason why when 
you look upon the ground, at a wainscot, or oa 
A rough unpolished table, you see nothing of the 
kind. 

When you look through some glasses )rou see 
things much bigger than they really are, or inag' 
nified\ that is, made larger. When you iook 
through others you see them less than they appear 
to your eyes, or diminished. What is there, 
then in the one glass that it should cause things 
to appear larger than they do to your natural 
Itight : or^ in the other, that they should seem 
so diminished ? Yet this too will be explained $ 
and you tBay^ by certain rules, be taiigfat to 
calculate how nwch larger or smaller any glass 
will make any object appear^ before you look 
through it. 

You cannot be unactjuainted with that tremen- 
dous noise, which the ignorance of the antients 
considered as an indication that their god Jupiter 
was in a passion. We call it thunder^ But 
what is thunder? You have also probably seen 
fire descend in streams from the clouds, or, by an 
instantaneous motion, from oueclond to another; 
and after darting first to one side, and then to 
the other, several times, come to the earth with 
a zig-Eag kind of motion. This is lightning , 
and it proves fatal wherever it strikes : it kills 
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mca or cattle; it strikes down to the ground 
the proudest edifices; itselson fire the loftiest 
trees or buildings. You have probably never 
once thought what can be the cause of this 
thunder and lightning. But will you not be as- 
tonished to see it imitated on a smaller scale^ 
the same noise excited^ a rapid fire sent forth 
like tbat^ and producing similar effects ? 

You see every day the clouds collected over 
your beads, and passing sometimes one way^ 
and sometimes another, as directed by the wind. 
You see them. assume different shapes and forms; 
sometimes gathering into a large thick mass^ 
and sometimes breaking into small divisions. 
What are the clouds made of, think ye } 
Where do they come from ? Why do they ap- 
pear and disappear ? Why do they not fall down 
immediately upon the ground, as you see other 
bodies ? 

The clouds, you will probably guess, are water, 
because you see rain dccasionalJy fall from them, 
end sometimes hail and snow ? But how is water 
supported. in the air? Why do the clouds at 
some limes drop only rain, and at others hail or 
snow ? You will say hail and snow fall only in 
cold weather. But why is snow of that fine 
flaky consistence like feathers ? And why is 
hail in little round balls? -All this may be ex- 
plained. 

You have doubtless observed that beautiful 
coloured arch in the heavens^ which, from its 
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appearance during rain, has been called the rain* 
boWf and which Almighty God has made the 
pledge^ that he will not overflow the world with 
another deluge. £ut do you understand bow 
this appearance is produced ? It is, indeed, thfc 
action of light upon the drops of the falling rain; 
but we can show you by what means this appear* 
ance, and these vivid colours, are produced; 
why it assumes the form of a bow ; why a se- 
cond bow is often seen accompanying the^ first 
or primary bow. We can measure the arch 
which it inscribes, and expbin the whole of this 
wonderful spectacle. 

It must be well known to some of you. from 
observation, and to most of you by the infor- 
mation 6f others, that the sea, at certain hours 
of the day^ varj'ing with the age of the moon^ 
approaches, and overflows, to a certain height, 
the sandy beach by which it is surrounded* This 
flux and reflux of the ocean, as it is termed, is 
known by the <:ommon name of the tidb» 
Antient tradition tells us« that a philosopher put 
himself to death, because he was unable to And 
out the cause ; but modern philosophy has laid 
open the whole theory of the tides, and can de* 
tnonstrate the nature of them by experiment. 

In some parts of the world there are fountaini^ 
of boiling water, spouting from the earth. In 
others, the eacth itself opens and emits flames 
and riyers of liquid fire> and throws out rocks 
and stones of an immense siz£> wllh a Ib^ce and 
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velocity which i« imitated in vain by the lai^st 
pieces of cannon. Whole countries have been 
swallowed up, and the proudest cities desolated 
and destroyed by earthquakes. What is the na* 
ture of these surprising operations ? From what 
immediate cause are they produced } On what 
circumstances do they depend ? 

You will answer, They are produced by that 
Almighty Power which first created the uni- 
verse. It is the hand of God that can alone di- 
>rect or alter the course of nature. Alt this is 
true. Nothing is done, nothing can be done, 
without the agency^ the direction of the su* 
preme Being. 

Yet Providence acts by determinate laws in all 
the arrangements of natuie. It is not by chance^ 
nor yet by an arbitrary disposal of things, that 
the operations of nature are eflPected. By the 
Divine Wisdom all things are disposed in weight 
and in measure ; they are ordered on certain 
principles, and effected in certain constant and 
regular modes. 

These modes^ in which the Divine Wisdom 
acts and governs the material universe, are 
lenned the laws of nature. We cannot, it is 
true, account for every thing ; we cannot trace 
effects to their remotest causes ; but yet much is 
known by long observation, and the discoveries 
of learned and ingenious men from time to time. 
They have therefore reduced what they call the 
laws of nature, that is^i the manner in which the 
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operations of nature are eflected, to a few prti»* 
ciples ; and these principles, when well under* 
stood, will apply to the explanation of a long se- 
' ries of phcenomena, that is, appearances, from 
the Greek word phainomai, to appear. 

It is by experiment that alfthe great discoveries 
of the moderns have been accomplished. This, 
indeed, forms the grand line of distinction be- 
tween the antient and the modern philosophy, 
and this constitutes the sole merit and superiority 
of the latter. The antients reasoned and con- 
jectured about things ; the modems have sub- 
mitted every thing to the direct and positive test 
of experience; this philosophy has therefore been 
termed experimental philosophy ^ because aM its 
doctrines and principles are founded upon actual 
experiment, in opposition to that philosophy 
which is founded on fancy and conjecture. 

It is, I believe, to the old alchemists, or those 
who were engaged in the whimsical and visionary 
attempt to discover the philosopher's stone, or a 
method of converting other substances into gold, 
that we are ultimately indebted for this excelleni 
philosophy. They engaged in various chemical 
processes, or ex|^riments, in order to cflTeci this 
grand discovery; and from their patient and la- 
borious endeavours many useful inventions pro- 
ceeded, though not the particular, discovery they 
wei-e in quest of. Our countryman, Roger Ba- 
con, ^a famous monk, who resided at Oxford in 
the twelfth century, was one of these, but one 
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of the most rational and sagacious of the whole 
sect. - He was soon convinced of the diffi- 
culty of the research in which he was engaged^ 
that of transmuting or changing other metals or 
substances into gold ; but he saw that expert'* 
ment, and the mode of analysing or dividing ^ 
bodies or substances into their constituent parts^ 
was the true mode of investigating. nature. He 
therefore ridiculed the idle conjectures and un«* 
meaning jargon of Aristotle and his followers. 
In the course of his researches he made that won* 
derful discovery, the composition and use of 
gunpowder. He had very nearly fallen upon 
that of air-balloons. He made a number of exr 
cellent experiments in chemistry and optics; and 
you know that his onjy reward was to be ac-> 
counted a magician by the ignorant age in 
which he lived, and even by the unenlightened 
part of mankind in succeeding times. 

To another Bnglishman, of the same namey 
philosophy is indebted for its next great improve* 
ment, the justly celebrated lord Bacon. H^ 
followed the footsteps of his namesake and 
predecessor ; he reduced his principles to* a sy- 
stem ; and laid it down as a maxim, that it was 
by experiment alone that any thing in philosophy 
could with certainty be known. He therefore 
traced out the way in which future experimen- 
talists might proceed, and afTorded a variety of 
hints, on which they afterwards improved.. 

The good and the illustrious Boyle, bowcveri' 
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may be justly termed the father of modern phi- 
losophy. Hq made it a principle to cpnduct all 
his inquiries by ejcperiment alone. , He effected 
much in the analvsalion of bodies, and the exa- 
niination into the prineiplts of which they were 
composed. He not only invented that curious 
and useful instrument^ the air-pump, but his 
-experiments on the nature of air have laid the 
foundation for all the modern doctrines concern- 
ing it. His discoveries on light and colours 
were an excellent introduction to the grand 
theor)' of Newton on that subject, and, possibly, 
served as the basis or foundation of ^Ihem. In 
shortj there was scarcely a topic of natural phi* 
}osophy to which he did not bend his attention^ 
and scarcely one which he did not improve. 

Sueb was the state of philosophy when New* 
ton appeared. He reduced, into one grand sy* 
stem, all the scattered discoveries of his pfede^ 
eessors. He explained the motiops of the hea^ , 
venly bodies on a principle entirely new, and in- 
vented that beautiful planetary system which is 
now universally received. He developed, with 
mathematical precision, all the phaenomena of 
light and colours, the nature of vision, and the 
use of optical glasses and instruments, which 
last he greatly improved. In short, he gave 
body and consistency to natural philosophy, and 
made it, what it never was before, a system o£ 
truths illustrated and proved by experiment* 
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LECTURE II. 

EXPERIMENTAL PHILOSOPHY. 



ATTRACTION. 

« 

Sepokb we proceed to the higher branches of 
science^ it will be necessary to explain what is 
usually meant by attraction^ and the diflereul 
kinds which have been distinguished by modem 
philosophers. In the first lecture I called your at- 
tention to the effect which follows when you throvr 
a stone, or shoot an arrow upwards into the air. 
Instead of proceeding according to the direction 
in which you sent it, you see its force is quickly 
spent, and it returns to the earth with a velocity 
or swiftness proportioned to its bulk and weight. 
Now it is easy to conceive that the resistance of 
the air may stop it in its progress ; But why 
should it fetum } Why should not the resistance 
of the air i»top or impede it in its return ? 

The answer you will think very plain — It is 
its weight that brings it back to the earth, you 
will say, and it falls because it is a heavy body. 
But what is weight ? Or why is it heavy ? It is, 
in truth, the earth which draws or attracts the 
stone or the arrow towards it ; this overcomes 
the force with which you sent it from you at 
first, and the resistance which the air would 
otherwise make to its falling. 
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To make this plainer^ if you drop a little water 
or any other liquid on a tab! e^ and place upon 
the liquid a piece of loaf sugar, the water or fluid 
will ascend, or, in vulgar language, be sucked 
up into the pores of the sugar ; that is, the one 
is attracted by the other. Again, if you take 
two leaden bullets, and pare a piece off the side 
of each, and make the surface, where you have 
taken off the piece, exceedingly smooth, and then 
press the two balls together, you will find them 
adhere strongly together; that is, they are mu- 
tually attracted by each olher. 

If you take a piece of sealing-wax or amber> 
with a smooth surface, and rub it pretty quickly 
upon your woollen stocking till it becmnes warm^ 
you will find that if .straws, feathers, hairs, or 
any very light bodies, are brought within the di* 
stance of irom an inch to half an inch of 4t, 
these light bodies will be drawn to the sealing- 
wax or amber, and will adhere to it. Thus, in 
[)hilosophical language, they are attracted by it* 

This last effect is very similar to what you 
have heard of the magnet or loadstone, or w^hat 
aiany of you may have seen performed by the 
little artificial magnets, which are commonly 
sold, and which afford a very rational and pretty 
amusement to yotmg persons. You have seen 
needles, steel filings, or even knives or keys pre- 
sented to the magnet, and attracted by it. On 
this circumstance a very stiiking story in. the 
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Arabian Nights Entertaitiments is founded, 
rock of loadstone (adamant it is called by stri 
error of the translator) is supposed to exist in sk 
certain part of the ocean ; and when a vessel ap^ 
proaches it, all the iron bolts and nails are at* 
tracted by it, and the vessel consequently goes 
to pieces, and is wrecked. 
.But I can show you a still more surprising 
(and to most of you, I dare say, new) effect of 
attraction. I take two phial bottles, which I 
number 1 and S, filled each qf them with a fluid 
perfectly colourless; you see they appear like 
clear water: on mixing them together the mixture 
becomes perfectly black. I take another phial^ 
No. 3, which contains a colourless fluid also, 
and I pour it into this black liquor, which again 
becomes perfectly clear, except a little sediment 
which remains at bottom* Lastly, I take th« 
phial No. 4, containing also a liquid clear lik^ 
water, and by adding a little of it, the black co* 
k>ur. is restored. 

AH this appears to you like magic, but it is 
nothing more than an efiect of attraction. Phi^' 
losopby keeps no secrets, and I will explain it 
to you. The colourless liquor in the phial. 
No. 1, is V at%r-4fi which bruised galls have been 
eteeued or infused ; that in No. 2, is a solution 
of sulphat of iron, the name now given to 
the copperas or green vitriol of commerce. ' 
In plain teims,, it i& water in which com* 
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toon copperas or green vitriol is dissokeil. The 
iron which this salt (green vitriol) contains^ has 
a strong attraction for the gall water ; and when 
they are mixed together they unite, and the mix- 
ture becomes black ; in fact^ is made into ink. 
But tvhen the phial, No. 3^ which contains 
a«]ua fortis (the nitric acid^ as it is called by 
chemists)^ is poured in^ the iron, which has a 
stronger attraction for it than for the galls, unites 
with it, and liaving left the galls, the liquid is 
ftgain clear. Again, the phial No. 4y contains 
potass, formerly called salt of tartar^ or of worm* 
wood» It is the vegetable alkali of chemists. 
The aqua fortis, or nitric acid, therefore^ has a 
stronger attraction for this alkaline matter than 
it has for the iron;, it therefore drops the iron^ 
which again unites with the matter of the galls^ 
and the fluid resumes its bladk complexion. 

You may amuse yourseh'es with the same ex* 
periment in another way* If you write a few 
words with common ink (which you now know 
how to make) upon a thick paper> and let them 
dry, and then take some aqua fortis diluted ox 
tveakened with water, and with a feather drop or 
rub it upon the letters, the writing will totally 
disappear. When this is dry, with another 
feather smear it over with some of the solution 
of potass or salt of tartar^ and the writing will 
be restored. 

These several kinds of atiractions which T 
have now mentioned^ philosophers have ranged 
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under five distinct heads. The Jirst, that, I mean^ 
of the stone or arrow falling to the ground, they 
hare called tlie attraction of gravity, or gravi- 
tation. The second, that of the two leaden balls 
adhering together, and of the water ascending 
into the pores of the sugar, they call the aitrae^ 
iion of cohesion, and also capillary attraction. 
The third is electrical attraction, because the 
sealing-wax, when chafed or wanned by rubbings 
against your stocking, is in an electrified or ex* 
cited state, like the glass cylinder of an electrical 
niachine when rubbed against the cushion, and 
therefore attracts the hair, feathers, &c. The 
fourth is the magnetic attraction ; and the fifth 
is called chemical attraction, or the attraction of ~ 
combination, because upon it many of the pro- . 
cesses and experiments in chemistry depend ; 
and because by this means most of the combi* 
nations which we observe in salts, the ores of 
metals, and other mineral bodies, are effected. 

On the two first of these species of attraction 
only I shall at present enlarge, because it will 
be necessary to treat of the others when we come 
to investigate those branches of science to which 
they properly belong. 

First, therefore, of gravitation. It requires no 
experiment to show the attraction of gravity ; 
for since tbeearth is in the form of a globe, it is 
manifest that it must be endued with a power of 
attraction to keep upon its surface the various 
bodies which exist there, without their bei^ 
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hurled away into the immensity of space in the 
course of its rotatory diurnal (or daily) motion. 
The earth has therefore been compared to a large 
magnet, which attracts all smaller bodies towards 
its centre. This is the true cause of weight ar 
gravity (which mean the same thing). AH bo- 
dies are drawn towards the earth by the force of 
its attraction ; and this attraction is exerted in 
proportion to the quantity of solid matter which 
any body contains. Thus, when two bodies are 
placed in opposite scales, and we see one pre- 
ponderate, we say it is heavier than the other ; 
in truth, that it contains a greater quantity of 
solid matter. For as every particle of matter is 
" attracted by the earth, the .greater number of 
such particles any body contains the more for- 
cibly it will be attracted. We know by experi- 
ence that the weight or gravity of a body or 
thing is not in proportion to its bulk. A bullet 
of lead, .of the same size as one of wood or of 
cork, will weigh infinitely heavier, and one of 
gold would be heavier still. It is reasonable, 
therefore, to suppose that the ball of. gold or 
of lead contains a greater number of solid parti- 
cles, which are united or pressed closer together 
than those of the wood or cork, which is more 
porous, and its patticles lie less closely com- 
pressed or compacted together. This then is 
what is meant by specific gravity^ that one body 
contains more solid particles within a certain 
coiiipass, size^ bulk, or space^ than another. 
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IK The attraction of cohesion is observable in 
iilmost every natural object^ since in reality it is 
that which hoMi their parts together. It has 
been already demonstrated in the experiment of 
the two leaden balls, and the same efiect will be 
proved by pressing together the smooth surfaces 
of two pieces of looking-glass, particularly if a 
little moistufe is <dropped between them to ex«» 
elude the air more perfectly. The adhesion or 
tenacity of all bodies is supposed to depend on 
the degree of this attraction which exists betweea 
their particles; and the cohesive power of se<- 
vcral Bolid substances has been ascertained by a 
course of experiments, in which tt was put to 
the test what weight a piece of each body of on€ 
tenth of an inch diameter would sustain, and 
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This cohesion is also visibte even in fluid sub-^ 
staiicea,^ the particles of which adhere together, 
tliough with a4ess degree of tenacity than solid 
bodies. " The pearly dew" is a well Icnowni 
phrase in poetical language, and the drops qC 
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fain or of dew upon the leaves of plants assume 
this round or peariy appearance by the attrac- 
tion which the particjes have for one another. 
In the same manner quicksilver, if divided into 
the smallest grains^ will appear round, like small 
8hot, because the particles attract each other 
equally in every direction, and thus each particle 
draws others to it on every side sh far as its 
power extends. For the same reason two small 
drops of quicksilver, when brought near to each 
other, will seem to run together and unite. 

The attraction of cohesion exists between 
fluid and solid bodies/ Thus a plate of glass oi 
metal (Plate I. fig. 1.) which has been immersed 
in water or mercury, will retain some drops 
hanging to it, even when turned upside down^ , 
or inverted. Again, if two plates of glass, 
A. A. (fig, 2.), a little wetted on the surface, 
and separated on one side by any small inter- 
posing body B.', about the thickness of a shil- 
ling, are immersed in water, the water will rise 
between them in the curve C. D. E., that is, 
highest on ihat side where the plates touch each 
other, and at a moderate height near the surface 
of the fluid. The same effect was instanced in 
the water or liquor rising in the piece of lump 
sugar; and it may be seen every day, when a 
piece of blotting-paper is used to suck up a drop 
of superfhiouf ink. Another easy experiment 
will further demonstrate the nature of this attrac- 
tion. Suppose A. B.C. (fig< 3;) two glass plates 
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a little moistened with oil of oranges^ and- placed 
upon each other^ so as to touch at the end A.B* 
Li t them be kept open at the other end by a 
small body C. If then a drop of the same oil is 
introduced at the end which is open, while the 
plates are kept in a horizontal position, the drop 
will proceed with an accelerated motion towards 
the end A.B. If the end A. B. is then a little 
raised, the drop will be suspended in its course, 
and, if raised to a considerable height, it will 
return^ but slowly -, in which case the attraction 
of the plates is, in some degree, overpowered by 
the weight or gravity of the drop. This peculiar 
kind of attraction has received the name of ca« 
pitlary attraction, from the experiment having 
been made with small tubes as fine as a horse- 
hair (capiUus, Latin), in which the water will 
rise to a considerable height ; and upon the same 
principle, water or any other fluid will rise in the 
cavities of a sponge. These experiments will 
succeed equally in a space which is void of air 
(such as the vacuum made by an air-pump) as 
in the open air; so that the effect caniiot pro- 
ceed from any pressure of the atmosphere, but^ 
must be caused by attraction alone* 

Some bodies, however, in certain circum- 
stances, appear to possess a power the reverse of 
attraction ; and this is called, in philosophical 
language, repulsion. The repulsion of electricity 
and of magnetism will be plainly demonstrated 
when we come to treat of those subjects; and 
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the same feathers, which were at first attracted 
by the excited or electrified body, will be repelled 
or driven from it; the magnet will repel at one 
end the same bodies which it attracts at the 
other. Upon similar principles, if a small piece 
of iron is laid on a bason of mercury, it will not 
sink, but will be supported by it, while the mer- 
cury, will be depressed ou each side; and, upon 
a siniilar principle, a small needle will swim 
upon the Burface of water* 



LECTURE III. 



EXPERIMENTAL PHILOSOPHY. 



MAGNETISM. 

In my last lecture I endeavoured to make you 
acquainted with the nature of attraction in gene* 
rah There is, however, scarcely any instance 
in which the principle of attraction is displayed 
in a more striking manner than in that of the 
MAGNET, or loadstonb; so called, as Mr« 
Adams conjectures, from load, the Saxon word 
for lead^ that is, the leading-stone, from its 
proving a guide to seamen by means of the com* 
pass, or magnetic needle, which always points to 
the north pole. 

The loadstone, or natural magnet, is an ore of 
iron ; and t,hese are found more or less in every 
iron mine. They are of a dull brownish black 
colour, and most of them are sufficiently hard to 
afford sparks like a flint when struck with steel. 
They differ very much both in form and la 
weight. There was a very large one to be seen 
in the Leverian Museum, but it did not appear 
to be very powerful. I observed in my second * 
lecture, that the earth itself has been compared 
to a iarge loadstone; and this opinion is couiite- 
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tianced by the immense quantity of iron which 
is contained within its bowels^ or which indeed^ 
more properly speakings is diffused through all 
nature. In a part of Virginia there is a magnetic 
$and, the grains of which exhibit all the proper- 
^ttes of larger loadstones^ and indeed are load- 
stones in miniature. 

The great and distinguishing property of the 
magnet is its attraction for iron ; and this at* 
traction is mutual between them. ThuSj if a 
magnet and a piece of iron are placed each of 
them on a small piece of wood, in a bason or 
tub of water^ so as to float on the surface, (see 
Plate IT. iig^4,} the magnet will approach the 
iron as well ^s the iron the magnet; and if either 
of them is held steady, the other will move to- 
wards it. Muschenbroek^ by a scries of experi-* 
ments, endeavoured (o ascertain the degree of 
force with which a magnet would attract at dif* 
ferent distances. He suspended a magnet two 
inches Imig, and sixteen drachms in weight, to 
one of the scales of an accurate balance, and un- 
der it he placed a bar of iron, while the weights 
were put in the opposite scde. 

^ At 6 inches it attracted 3 grains. 
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Some natural magnets are much more 
fill than others; and it is remarked, tl 
smaller possess the power of attractioi 
greater degree^ in proportion to their Bize 
the larger. It indeed frequently faappeni 
a smalt loadstope, cut off* from a larg< 
will lift a greater weight of iron than that 
which it was cut off. This can only result 
the large stone containing a considerable p 
of matter not magnetic, which rather im 
the action of the magnetic part than other 
Loadstones have been found of not more 
twenty or thirty grains in weight, which w 
lift a piece of iron forty or fifty times he 
than themselves; and we even read of on 
only three grains, which lifted a weight of 
of seven hundred and forty*six grains, tha 
two hundred and fifty times its own weight. 

This property, however, which is possessec 
the natural loadstone, it will communicate 
any piece of iron by only touching it; 
the piece of iron thus converted into a mag 
will communicate it to others, and these agaii 
other iron, without losing any part of their m 
netic virtue, which seems rather increased ti: 
diminished by action. Magnets made by bei 
touched by a loadstone, or by other iron whi 
has been touched by it, are called artificial ma 
netSj and are commonly sold in the shops 
those who deal in mathematical and philosopb 
cal instruments. Soft iron acquires magnetisi 
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i^'ith more ease than hard iron or steely but the 
latter will retain it much longer. A well-tem- 
pered bar of steel will retain the magnetic virtue 
ifor many years without diminution. 

The magnet which has the strongest power of 
attraction does not always communicate it most 
freely to iron or steel. This circumstance has 
occasioned a distinction between the different 
kinds of magnet. Those which communicate 
tnost freely and in the greatest degree the mag- 
netic virtue, are called generous ; those which 
raise the greatest weight in proportion to their . 
size^ are called vigorous magnets. The magne- 
tic virtue is not diminished^ but is rather in- 
creased^ by communication. Though however 
it may be communicated by simply touching the 
bar of iron or steel, yet it is augmented by re- 
peatedly touching or rubbing it with the mag- 
net : but it must be always rubbed one way only, 
that is, either from left to right, or from right 
to left; for if the magnet is drawn backward and 
forward on the iron the power will be destroyed, 
for reasons that will be hereafter explained^ treat- 
ing of the poles of the magnet. 

The magnetic virtite is found to be the most 
active at two opposite points of each magnet, 
which have been termed its poles, from their 
correspondence with the poles of the earth, as is 
found by placing the magnet on a' small piece of 
wood floating on water, or in* any situation in 
which it may turn freely, when the magnet will 
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arrange itftelf exactly in that direction, 
from north to south. To find the pol 
magnet, place it under a smooth piece o: 
or a piece .of white paper, and sift or shals 
steel or iron filings on the paper or glas 
you will find them arrange thexnseli^es 
beautiful curves, as represented in PI. 17. 
££• At each pole, however, the filing 
take a straight or rectilinear direction, as al 
and those which happen to be situated at a 
distance ft*om the poles will assume more < 
of the curve in proportion to their distance 
them. Some natural magnets are found to 
more than two poles ; in which case they m 
considered as two or more magnets united i 
ther, and, in fact, have been sometimes sepa 
into so many distinct magnets. 
. In England we call that the soiHh pole oi 
magnet which points towards the north, 
that is termed the north pole which is 
reeled to the south. The foreign philc 
phers, on the contrary, name them accord 
to the pole to which they point. That 
the north pole of the magnet is that which 
directed to the north or arctic region, and 
contrary. 

The principle of repulsion ifi also very strikin 
ly exemplified by the magnet $ for if the same p( 
of two magnets is presented one to the other^ ti: 
js, the north pole of one magnet to the north pc 
of the other, tl^y will mutually repel or dri 
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away each other : If, on the contrary, the south 
pole of' the one is prescnted-to the north pole of 
the other, they will be mutually attracted. It is 
on this account that it is necessary, in making 
artificial magnets, to draw the magnet, with 
which they are rubbed or touched, always one 
way. It is most effectually done also by apply- 
ing one of the poles of the magnet to the bar op 
piece of iron which is to be renidered magnetic, 
and drawing it slowly along several times. It is 
extraordinary, that the end of the bar which is 
first touched with the magnet will have the con- 
trary property to the end of the magnet with 
which it is touched or rubbed. If, for instance, 
the end with which the bar is touched is the 
nortii pole of the magnet, the end of the bar to 
which it is first applied will be a south pole, and 
the contrary. 

It is obvious that the directiue power of the 
magnet, or that which causes it, when placed so 
as that it can freely turn of itself, to take always 
a position north and south, is the most useful 
property of the magnet* The mariner's compass 
i« a fine needle, index, or piece of steel -wire, 
formed like the index or hand of a clock or 
watch, and made^o as to turn with great ease 
on the prop which supports it. The needle or 
index is fixed in a box 3 and underneath it the 
points of the compass, or the diflerent quarters 
of the horizon, that is, east, west, nortl^ and 
south, are marked on a card. As the magnetic 
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needle always points towards the north, by ob- 
serving the course or direction of the ship, that 
is, which way her head ia turned, it is easy to 
know to what point she steers ; and by keeping 
a regular account of tbe distance she traverses, 
the seamen can go with exactness from one place 
to another. Before this great and important in- 
vention, seamen usually steered by observing the 
fixed stars, and particularly ihc polar or north 
star^ But as this could only be done in fine 
weather, and when the stars were visible, they 
frequently lost their way and suffered shipwreck. 
Indeed, but few oF them dared to sail out of 
eight of land. But when they had a certain 
means of knowing one point of the heavens, it 
was easy lo know the others ; and it becafoe, 
after this invention, neither necessary to observe 
the stars, nor to be afraid of the open sea, out of 
sight of the shore. It w^as by means of the ma- 
riner's compass that Columbus was enabled to 
make the great discpvery of the American conti- 
nent, and by means of it subse<]iient voyagers 
have sailed quite round the globe. 

Though the position of the magnetic needle is 
generally north and south, yet it is found some- 
times t6 vary a few points or -degrees from this 
position; and it not only varies' at differeiit 
places, hut even at different tiiik\s at the sanle 
place. This is called the varialioii or declination 
of the con^pass. 

Magnets, while they attract other bodies, ap- 
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pear to be themselves subject to the attraction of 
the earth ; for the magneuc ueedle^ when it is 
placed where it can act freely, generally assumes 
a position with one of its poles a little elevated 
mid the other depressed^ This, ho\Vevtr, varies 
in different latitudes : near the equator it is in^ 
position almost straight or horizontal ; as it ap- 
proaches the nortl>ern regions, the south pole is 
depressed, or drawn towards the earth ; and on 
the other side of the equator, in the southern lati- 
tudes, the north pole is depressed. This is called 
the dip of the needle^ 

Iron may acquire the magnetic Virtues hj 
other means than communication with a mag- 
net. 1st. If a bar is kept for a long time in a 
perpendicular position, or, still better, in the di- 
rection of the dipping needle. Thus old iron 
bars in windows are oftoa found strongly mag- 
netic. £d^ If iron is heated and suffered to cooi 
quenched in water, holding it in the position of 
the dipping needle, the same effect is produced, 
3d. If it is rubbed hard in the same position hy 
any steel instrument* 4th. A few strokes of a 
hammer, first at one end of a bar, and then at 
the other, while held in the position of the dip- 
ping needle, will produce the effect. 5th. A 
shock of electricity passed through the bar will 
render it magnetic. 

Many entertaining experiments are perform- 
ed by means of magnetism. In the shops little 
swans made of tin, or more properly of i^roii 

C2 
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tinned over^ are sold^ which^ when put to swim 
jn a bason of water^ will when one end or pole 
of an artificial magnet is presented to them swim 
after it; and when the other end or pole is turn 
ed towards them, they may be chased round the 
bason. If a small piece of bread is stuck on the 
end of the magnet which attracts them, an ig-* 
norant person will suppose that they are follow* 
iag the bread, as if to eat it. 

A small fish also may be made in the same 
manner to swim in a bason of water, and will 
follow a magnetic hook, or be lifted out of the 
water by it. 

Sometimes an artificial pond is made, about 
an inch in depth, and seven or eight in diameter^ 
^ith the hours of the day marked about its edge. 
One of the magnetic swan« is then put to swim 
in the pond ; and if a watch is placed under* 
neath, with a small magnet fixed to the end or 
point of its hour hand, the swan, guided by the 
magnet beneath, will then swim to the hour^ 
and show the company the time of day. 

It is an old tradition, that the famous impos- 
tor Mahomet, who could never perform a mira<» 
cle during his life, assured his followers that they 
should see a miracle at his death, if they would 
carry his corpse to be interred through a certain 
gate of the city. In this gate he had previously 
contrived to fix two loadstones, one at the top 
and one at the bottom; and as his coffin was of 
iron^ the story says, that in passing through th,e 
8 ' 1 ^ • 
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gate. It remained suspended in the air between 
them, and it was many years before the cheat 
was discovered. This experiment may be easily 
repeated on a small scale. 

But there are not any of the magnetic experi- 
ments more interesting or entertaining than that 
of the divining circles. They are drawn on pa- 
per, pasted on the top of a thin box, fig. 6» 
PI. 11. The index a is fixed on the axle of the 
t othed wheel c, which works into the pinion d. 
On the axle of d is another pinion of the same 
number of teeth, that puts in motion the wheel 
g", of the same size and number of teeth as the 
wheel c. On the axle of 2 is fixed the bar mao;- 
net qq^ and they turn together. Over this axle ^ 
(but independent of it) is fixed a point in the 
top of the box for the loose needle xx to turn 
upon, and which is the centre of the pasted cir- 
cle F. In the compartments of this circle are 
written answers to the questions asked in the 
compartments of the circle G. A circle ot 
strong paper, of the size of F, should cover the 
pasted circle, and turn easily on the centre : it 
should have one of the triangular pieces cut out, 
in order to see the answers. If then the needle 
XX is taken off its point, and a person wishes to 
ask some of the questions on the carton G, the 
person must turn the index to the question, and 
then place the needle on its point, givino* it a 
whirl rouiid, when it will stop over the answer. 



30 Experime?iial Phihsophy. [Lecture 3. 

The open part of the loose circle being turned 
to that place, will exhibit the answer. 

A juggler who travelled through the country 
some years ago, attracted considerable notice hy 
exhibiting a number of the»e experiments; and 
there are .several very amusing toys construct«d 
upon these principles, and sold in the shops of 
ihie makers of maliiemalical instruments*, . 
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LECTURE IV^ 

EXPERIMENTAL PillLOSOPUY. 



HYDROSTAncS. 

s HE hard word which stands as the title of this 
Itcture, implies simply the science which relatCxS 
to. the weight oF water compured^ with that of 
other bodies; b\U the science, as new taught 
and eultivatedy treats not only of the weight and 
pressure, but of every thing relative lo the ac^ 
tion and n^iechanical properties of ftuids^itv ge- 
neral, or, at least, of the.denscor incoinpressi*- 
ble kind, such as water, &c. 

Though water is generally regarded as incom- 
pressible, yetit hsnotwhoily so, sinceit iscapable 
of transmitting sound, which proves that it is^eias*- . 
tic, and every ela«jticbody must bd compressible,' 
To prove the fact, however, the Florentine aca- 
demicians filled a globe of gold perfectly full 
with water, and afterwards closed the orifice by 
a tight screw. The globe was then put into a 
press of considerable force;, it was a little flat- 
tened at the (Hde& by the force of the press,^ but 
was proportionably extended in other parts of 
its surface, so that it was concluded- that the 
water did not occupy less space than before. 
On pressing it still harder, the water was 
uuide to^ exude through the pores of. the gold^ 
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and adhered to its surface like drops of dew. 
From this experiment it may be inferred, that if 
water is indeed capable of compression, it is so 
only in a very slight degree, since, instead of 
yielding to the force of pressure, it found its 
way out through the pores of the metal. 

The first principle that may be laid down with 
respect to the pressure of fluids is, that the siir- 
face of all waters which have a cominunication 
ivhiUt ihey are at rest will be perfectly level. 
To explain this more fully, observe the three 
united tubes (Plate III, fig. ?)• It is evident 
that if water is poured into the perpendicular 
tube A, it will run through the horizontal tube 
C, and rise in the opposite perpendicular tube B, 
to the same hcigrht at which it stands in A. 

From this experiment it will be evident why 
water, conveyed under the earth through conduit- 
pipes, will always rise to the level of the reser- 
voir whence it is drawn. It is in this manner 
that the cities of London and Westminster are 
supplied with water, either from London Bridge 
water-works or the New River, In the former 
case, water is raised from the Thames by im- 
mense pumps worked by wheels, which are 
turned by the tide, to the highest part of the 
town whither water is to be conveyed by pipes; 
and, in the latter, it is well known that the re- 
servoir of the New River stands on a rising 
ground near Islington, which is higher than any 
of the places where the pipes terminate* 
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It is surprising that the antients should have 
been totally ignorant of so simple a principle as 
that of water rising to its level ; yet it is to this 
ignorance that we owe those stupendous works 
of art, the antient aqueducts^ the ruins of which 
we still behold with adrairatipn. Thus, for in- 
stance, in Plate V. fig. 19, an arch or arches 
would have been built to carry the v/ater from 
the- spring head at the side a, across the valley, to 
supply the house on the other side; whereas a 
simple pipe of lead, iron, or even of wood, car- 
Tied under ground across the valley, will answer 
-every purpose, and supply the house and ponds 
about it as amply as if an aqueduct had been 
constructed on the antient plan. 

The reason why water thus rises to its level, 
is h^cdiuse Ji'uids press equally on all sides: thus 
(in fig. 7.) ^( the tube B was taken away, the wa- 
ter would still press at irwith equal force as be- 
fore ; and if the tube C was taken away, the wa- 
ter would press against the part a as forcibly as 
it would if it had remained. Thus, if with the 
thumb we stop the end of the cropked tube b 
(fig. 8.) at a, when full of water, the water will 
press against the thumb with a force proportion- 
ied to the height of the water in the tube above 
a; and, if we remove the thumb, it williiin over 
at a, and fall in b to the level of a. 

To explain this, fluids have been supposed to 
te constituted of small globules, as represented 
in fig. 10. If therefore any one of the columns^ 

C5 
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Ihf- 9; 3, 4, or 5, be removed, its place \viH be 
immediately supplied by a number of small glo*- 
buletij which will roll from the other columnr 
luid fill up the vacancy, and> consequently the 
.superficies of the whole will presently sink to 
the same level, as will be found to be the case in 
a vessel filled with shot, with bullets, or any 
small round and smooth bodies., On the other 
hand^ supposing these par-ticbs to^ have a.v^ry 
smooth and< slippery surface,, so as to move with 
very great ease upon que another,, if the vessel 
which contained them was not full, and any ad- 
dition was made to the quantity,, thitf addition 
.would displace .a number of other particles^ 
which would roll round, and restore the level at 
the surface. Thus, in fig. 9, we will suppose a 
perpendicular pressure to be made by the cor 
lumn iky opposite to the point dy but as it can 
4>roce€d no further than that point, because of 
ihe bottom of the vessel, the pressure will be dir 
;rected laterally towards the sides ef of the ves^ 
m\j in such a manner that, if there was any 
aperture then in the vessel, the fluid would flow 
out : as that however is not the case, the partir 
cles g and A being restrained by. the side of the 
vessel, those which compose the lateral colunjn 
force themselves between these particles g and A, 
and A will be, raised towards the surface of the 
fluid, unless a column equal to i k press against 
7t, . and keep it in its place. Since therefore the 
j^rticJ^ A would 1)^ raised towards the top of tb^ 
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vessel, unless restrained by a pressure quite eqval* 
to the column i A, it follows, that two columns 
of water, to be in equilibrium, must be perfectly 
on a level at their surface.. 

On this principle we are enabled to account- 
for springs, which are sometimes found on the; 
tops of mountains. They, in fact^ come from^ 
some waters which are sit4.iated upon mountains' 
higher still, and flow through canals or najtural 
pipes, which proceed under ground,, perhaps for- 
the distance of miles^ 

It is upon these facts the maxim is founded, 
which has been termed the hydrostatic paradox,, 
and that is, that the pressure of fluids is not iu 
proportion to their qua?itity, but in proportion to- 
their perpendicular height ; and from< this it fol- 
lows, that a given quantity of water may exert ' 
a force two or three luindred times greater or 
lessy.acccn'ding to, the manner in.which it is em- 
ployed. 

To make this plain, we will take three vessels 
of the same heijjht, arid the same base^ though 
differing, materially with respect to their forms* 
and the quantities they contain, V/iz^ A, B,Cy D^ 
fig, 13. E, F, G, H, fig. 11. L, M, N, O, P, Q, 
fig. 12* Now it may very easily be understood, 
that the vessel fig. 13, is pressed at the bottom 
B, C, by the whole mass of water it , contains^,- 
and that the pressure there, must . be, equal at 
every part. The vessel fig. 11, however, is of 
a^iiifierent shape, and wilihgld inore.than-threo 
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times the quantity of water ; yet the pressure 
the base is still the same as in the former in — 
stance^ because the bottom F, G, supports onl \r 
the column of water I, F, G, K, which is the 
same as that contained in the vessel fig. 6. All 
this may be easily comprehended ; but the great 
difficulty lies in understanding how the very^ 
small tube in fig. 12. can exert a pressure at the 
bottom or base of the vessel equal to that in the 
preceding. Here it will be necessary to remem- 
ber the maxim that was laid down, That the 
pressure of fluids is in proportion to their height, 
and not to their quantity. Thus wp may ob- 
serve the column of water in figure 12. is equal 
in height to the column in fig. 11. and 13.; and 
if wc advert to what was said, when speaking of 
fig' &•> we shall perceive that the small column 
L, M, P, Q, displaces a quantity of water con- 
tained in the lower part of the vessel M, P, N, 
O, and forces it to rise to the top of the vessel 
At \j, for instance, which, if strong enough, will 
cause a reaction equal to the pressure of a co- 
lumn of water M, P,, r, 5. The same will take 
place al the other side, and at every part of the 
vessel which is covered, so that in effect the; 
pressure at the bottom N, O, will be the same 
as if the column of water was equal in size from 
the bottom N, O, to the top of the tube, as 
shown by the dotted lines. All this may be 
proved by experiment, having a false bottom to 
#ach oFthe vessels supported by an iron rod fix- 
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cd to a baknce, as in fig. 13.; in which case it 
will be found that the same weight, at the oppo • 
site end of the balance, is necessary to support 
the bottom in each. 

The hydrostatic bellows is a very pleasing ma- 
chine, constructed upon this principle. It con- 
sists of two strong boards, united by leather, al- 
most in the manner of a common bellows, only 
that for convenience its form is round (see 
Plate IV. fig. 14.). In this figure a is a pipe, 
which goes into the inside of the bellows, and 
2^ is a weight laid upon the upper board. If 
then water is poured into the pipe or, the' weight 
will be lifted up; and if the pipe was still taller, 
a greater weight would be raised. By a very 
small force exerted in this manner, that is, by 
water conveyed through a very small perpendi- 
cular tube. Dr. Goldsmith relates that he has 
seen a very strong hogshead burst in pieces, and 
the water scattered about with incredible force. 

To show that this principle in hydrostatics is 
toot without practical utility, it is only necessary 
to mention, that upon the plan of the hydro- 
static bellows a press has been constructed of 
immense power, see fig. 15., in which a is a 
strong casfiron cylinder, ground smooth within 
inside, and a is a piston or moveable plug, fit- 
ting very tight within it. c is a common forcing 
pump, in which the water ascerids through a 
valve at its lower end, and is forced through at o 
into the cylinder. This forms a pressure at w, by 
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the action of one man working at Sy which 
squeezes cotton bags, hay, or other packages^ 
into twenty times' less compass than they would 
otherwise occupy. The effect would be the 
same if c. instead of a pump,, was a sleiidcr lube, 
provided it was long in proportion to the pres-;- 
sure which was required. 

From aU these experiments it is easy to con-s- 
ceive why the banks of ponds, rivers, and canals 
Mow up^as it is called. If water can insinuate 
itself under a bank or dam, even to the thick- 
ness of a shilling, the pressure of the water in 
the canal will force it up. In fig. 18, a is the sec- 
tion of a river or canal, aiid c is a drain running 
under one of its banks* Now it is evident 
that if .the bank g is not heavier than the co- 
lumn of water d.e, that part of the bank must 
infallibly give way. This- effect is prevented 
in artificial canals, by making, the 'sides very 
tight with clay heavjly rammed down^ or by cut- 
ting a trench, n, from two feet to eighteen 
inches wide along the bank of the river or canal, 
and a little deeper, which being filled up with 
earth or clay well moistened with water,, forms 
a kind of wall when dry, .through which the wa* 
ter cannot penetrate. 

Another maxim in hydrostatics, of equal im- 
portance with the former, is, that every . lody^ 
lighter than, water, or, in other words, which- 
swims in it ^displaces exactly as much oj tim water ^ 
mis equal to its own wtight\ 
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This fact is proved by a very easy experiment*. 
Put a small boat, a, (fig. 170 ^^ ^^"^ scale, and 
balance it with water iiT the opposite scale, i. 
If then the boat is put into the bason, fig. 1(1, 
exactly filled with water, it will be found that a 
certain quantity of the water will run- over the 
brim of the bason, which water, on taking out 
the boat,, you will find will be exactly replaced 
by the water which before balanced the boat in 
the opposite scale, fr, fig^ 1-7^ 

I^nce it is plain-^ that a boat or other vessel 
sailing upon the water, displaces exactly as 
piuch of the fluid as is equal to the vessel and 
its lading, and, if more weight is ad^led^ it will 
firink deeper in the same proportion, or, in otheij 
words, a weight of water equal to the added 
lading will be:displaced; \yhence a laden ship is 
said io draw more watery that is, to sink deeper^ 
than when it is light or unloaded,. 

Every lody^ on the other hand^ which is hea^ 
vier than water, or which sinks in ity displaces 
so much of the^ laater as is, equal to tfve bulk of, 
the lody sunk on immersed in the tvater^ Thus 
^t is plain, that if a leaden.bullet is dropped into 
It vessel of water, it will take up jusr as much 
room asa.small gJobe of water of equal dimen*. 
sions. On this principle are founded the tables of 
specificgravities, and what is called the hydrostatic, 
balance; for since every body that sinks displaces 
jujuantity of water exactly equal to its owubulk^ 
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it follows, that every body ivhen immersed in wa- 
ter lo^es so much of its weight as is equal to the 
Vy eight of an eqtial bulk of ivater. Thus, if the 
body, when weighed in air, is two ounces in 
weight, and an equal bulk of water is one ounce, 
it will of course lose, when weighed in water, 
one ounce of its apparent weight. It is by 
this means that adulterate metals or coins are 
distinguished from the true ones : thus copper is 
bulk for bulk heavier than tin, and gold is heavier 
than copper or brass, which last is a mixture 
of copper and zinc. If therefore a brass counter 
is offered* for a guinea, if of the same weight, 
though it may not to the eye appear much larger 
than a real guinea, yet you may depend upon it 
that it is so in fact. We will then takeagui* 
hea, which we are sure is real gold, and weigh- 
ing it first in air, and then in water, we shaH 
find it loses about one-nineteenth of its weight 
in the latter. We then weigh the brass counter 
in the same way, and find it loses about one- 
eighth, which we find is much more, and there- 
fore we cannot doubt but the coin is made of 
base metal. When we look at tables of specific 
gravities, we see the specific gravity of goldjjuf 
down at about nineteen one-half, of mercury at 
about thirteen one-half, lead eleven one-quarter, 
silver ten one- quarter, copper eight one-half, 
iron seven one-half, tin seven one-quarter, &c^; 
that is, gold is nineteen* limes one-half heavier 
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than -its bulk of water, and consequently loses 
more than one-nineteenth of its weight in that 
fluid. 

This mode of ascertaining the standard value 
of nietals was invented by the famous philoso- 
pVier Archimedes, who made use of it to detect 
a fraud in the golden crown of Hiero, king of 
Syracuse. This king had given a certain weight 
of gold to be made, by a goldsmith of that place^ 
into a crown; the weight of the crown was ex- 
actly the same as the weight of the gold he had 
received; but Hiero still suspecting an imposi- 
tion, Archimedes was applied to, to detect the 
fraud 5 and he was lecl to make the trial in this 
/way, without melting the crown, or destroying 
the workmanship, from the resistance whicb he 
found was made by the water to his own body 
upon bis going into the bath, A quantity of 
fine gold was therefore brought, and equally ba- 
lanced in a scale against the crown; but when, 
both came to be weighed in water, it was found 
that the crown was much lighter; whence not a 
^doubt could remain but that it was made of adul- 
terated metal. 

It is upon the same principles that the density 
of different fluids Is put to the test. It might, 
it is true, be ascertained by weighing them 
against each other in different scales; but it may 
be done in a more easy and expeditious maimer 
upon the hydrostatic plan, since the same body 
that will sink in one fluid will 9wim in another. 
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and the same body will sink to diflferent dej>th« 
ki diflerent fluids. Thus I have known old 
women in the country Uy the body of their mead 
and other liqnoFs, by observing whether an eg-g 
will swim iu them, which, we know, will sink 
m coi»ttion water. The exact relative weight of 
fluids may be ascertained by suspending from 
one end of an accurate balance (such as that iig, 
17,) either a small globe, or a conical piece of 
glass. Its weight in water being previously 
ascertained, which suppose to be two hundred 
and twelve grains; if it is immersed in a fluid 
heavrep thaii water, some weights must be added 
m the opposite scale; a-s for instance, if it is sea 
water, then ten grains must be added, which 
will make the relative weight of sea water to 
Gommon water as four hundred and twenty-two 
to four hundred and twelve. If, on the coiv- 
trary, it is immersed in brandy, which is kss 
dense, and consequently lighter ihaa water, you 
will find it necessary to take out of the opposite 
scale about forty gcains, and i-hen the relative 
weig'it of brandy to wa-ter. will be as three hun- 
drcd and scvciUy-two to four iVundred and twelv^ 
or about one-tjcnth lighter, 

A very convenient- instriHtJQnt is made use of 
by excisenien, officers of the customs, and all 
whose business it is to ascertain the density or 
strcngth.of liquors. Ic is called an hydrometei^ 
and is nothing more than a. small hollow globe 
©f glass or metal, with a. stem tp it, like tba bani^- 
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JTe of & tectotiini, but longer, which stem i» 
marked or gradaated. The instrument is made 
so that the ball sinks in water, but not entirely^ 
and thertfore a part of the stem is alv^ays above 
the surface. If it is immersed in a fluid lighter 
than water It will sink, and less of the stem 
will be above the surface; if in a heavier fluid, 
it will rise higher^ arid more of the stem wilt he 
tilsibk*. 
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LECTURE V. 

EXPERIMENTAL PIKLOSOPIIY. 
HYDRAULICS, 

Hydrostatics, we have seen, is that science 
which relates to the weight and pressure of flu- 
ids; the science of hydraulics teaches us what 
respects the motion of fluids, and the means of 
raising them by pumps^ and conducting them 
by pipes or aqueducts from one station to an- 
other. 

It was laid down as a principle, in the preced- 
ing lecture, that of all waters which communi- 
cate with each other, the surface wiTl be tevef, 
or, in common language, that water will rise to 
its level, or to the same height as its source. 
The reason of this was not fully assigned then, 
because it was not necessary ; it was observed, 
that fluids press equally on all sides ; but the true 
reason of the level surface' of water is the pres- 
sure of another fluid, that is, the air or atmo- 
sphere, which, as it bears equally on all points of 
the earth's surface, must equally press the source 
from which water is derived and the orifice of the 
tube or pipe in which it rises, as was evidenced 
in the three united tubes, which were exhibited 
as explanatory of this fact. 
That water will not flow unless exposed to the 
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f>ressure of the atuiodphere, will be plain from 
filling a cask or other vessel fiill of this fluid. If 
the bung is perfectly tight, and there is no aper-. 
lure above for the air to press upon it and force 
it out, it is in vain that we shall attempt to draw 
it off by opening a passage for it below. Hence 
the use of vent-holes and vent-pegs in casks : by 
raising the vent-peg air is admitted, which forces 
the liquor to flow out at the cock or fosset, 
whereas if the vent-peg was kept tight no liquor 
v^hatever could be obtained. The Valencia is a 
common instrument made of tin, the lower part 
of which is in the figure of an inverted cone, 
{see PI. V. fig. 22.) with an orifice at the bottom 
a^ and one at the top b» It is used for taking 
samples of liquors out of the bung*holes of 
casks. Ill order to use it, the operator puts it 
into the bung-hole with both orifices open, and 
the liquor rises through the orifice at bottom to 
the top of the instrument ; lie then puts his 
thumb on the hole or aperture at top, so as to 
exclude the air completely, and the liquor will 
not run out at the bottom till the air is admitted 
by the thumb being removed, wirich is done in 
or<Ier to let it flow into the cup or vessel which 
is to receive it. 

Thus it is plain that fluids are put in motion 
-only, or caused to flow, by the pressure of the 
atmosphere; and it will he shown, that whenever 
tliat pressure is removed, they will rise above their 
natural level, and flow Avhere they otherwise 
would not. The syphonor crane, is a bent, 
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Uibe, of which one leg is longer than the other 
(fig. 21). With this instrument we want t» 
draw off the fluid ^^oatained in 4he vessel D, 
which we will suppose immoveaUe, as a well or 
a heavy cistern. We know that if the instru- 
ment is put into the vessel^ without sbme parti- 
cular management the fluid can never be made to 
ilo\i^ over the bent part B ; for the air whicU 
presses on the surface of the fluid will also press 
through the bore of the tube, and prevent its 
pursuing that course. In order to use it, there- 
fore, we fill the syphon with water or some other 
iluid, and, stopping both ends, immerse the 
shorter leg in the vessel D. The stoppage being 
removed, the water will flow out at the leg C by- 
its own gravity, and, by the pressure of the at- 
roofiphere on the surface, will continue to flov^ 
while there remains any fluid in the vessel. If a 
vacuum 4S made in the syphon, by drawing out 
the air with one's mouth, or any other way, the 
same eflbct will take place. 

The syphon fountain is a beautiful example of 
the effect from the pressure of the atmosphere^ 
In fig. 20, a is the longer outer leg of the sy- 
phon, which is inserted by a brass or wooderf cap 
in the glass vessel c ; the inner leg b also passes 
through the cap, and terminates in a spouting 
pipe of an extremely small bore. To make it 
act, wc mu«t first put it in a position the reverse 
^ of what it staiids in at present, and through the 
leg a pour in at d a quantity of water, which 
will force the air out of the vessel through the 
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leg i. We then stop both ori(iees with the 
finger, as in th<i common syphon, and immerse 
the lege I in the vessel e filled with water. The 
urater in the glass will then flow out through the 
leg a ; and the glass being vacant of air, the 
water from the vessel e will ascend through the 
leg hj and form a most beautiful jet or fountain 
^vithin the glass vessel. 

The syphon may be disguised in such a man- 
ner as to produce many entertaining effects. The 
cup fig- 23. is called Tantalus's cup, from the 
celebrated fable of Tantalus, who is represented 

by the antients as suffering continual thirst, and 
though he is in the midst of water, \S unable to 
assuage it— 

" E'en in die circling floods refreshment craves. 
And pines witii thii'st amidst a sea of waves; 
And wlicn the waicr to his lips applies^ 
Back from his lips the treachVous water flies." 

In the cup there is a figure of Tantalus, and if 
we pour water into it, so as that it shall nearly 
reach to the lips of the image, the water imme- 
' diately sinks, and is drawn off again. The truth 
i«, there is a syphon concealed within the image ; 
and when the water is poured into the cup, so as 
nearly to reach the lips, the fluid is then raised 
above tlie bend of the syphon, which of course 
thenbegms to act, and the water is drawn off by 
the longer le^ in the riianner already described. 
Sometimes the syphon is concealed in the han- 
dle of the cup (see. fig, 23.) in such a manner, 
that when a person* raises it to his lips to drink 
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out of it) the fluid which it contains shall be 
carried over the bend of the syphon, and it will 
then be drawn off by the longer leg, so that tKe 
person shall not only be disappointed of his 
draughtj but will have his clothes well splashed^ 
to the great amusement of the by-standers. 

In some parts of the world there are what are 
called intermittent springs^ or wells which seem 
to ebb and flow like the tides. This we shall 
perceive is caused by a natural syphon. In fig. '24 • 
A is a well of this nature^ B is a cavity or reser- 
voir of water under ground, with which it com- 
niunicates, by means of the pipe or syphon C. 
^t is obvious, that unless tl\C' water in the reser- 
voir rises above the l^eight if the bend of the sy- 
phon C, the well cannot be filled ; but if by 
-considerable rains, or any other cause, the reser- 
voir should become full, then the syphon will 
begin to act, and the water will run into the well 
as long as there remains any in the reservoir. • It 
yi\\\ ttien cease to receive any more, and the drain 
from tlie well will empty it in its turn. At 
Gravesend there is a pond of this kind, which 
ebbs while the tide is c^tning into the adjacent 
river, fills after the tide has risen to its heia:ht, 
and all the time that it is ebbing in the river. At 
Lamtowa in Worcestershire, there is also a 
brook which, in summer, has a stream suffi- 
cient to turn a mill, and the greater part of the 
winter is destitute of water. This probably 
communicates by a syphon with some cavity in 
the earth, which is filled by* the melting of the 
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9tiQw to a certaiji height^ and after that it will 
vcodtinue to be drawn off by the brook, so as to 
furnish a stream till the reservoir is entirely 
-emptied. 

It is by the pressure of the atmosphere that 
*the common or sucking pump is enabled to act. 
It is said to have been invented by a mathemati-- 
cian of the name of Ctesebes, about one hun- 
dred and twenty years before Christ; but the 
principle on which it acted was unknown till the 
1 7th century. Mankifid^ perfectly ignorant that 
the air had weight, attempted to account for these 
effects by a juaxim not only unfounded, but 
even destitute of meaning. This was, '*that 
Nature abhorred a vacuum." What they meant 
tjy Nature is as little to be understood, as when 
the same word is used by those ignorant and ab- 
-surd persons who aflect to deny the existence 
•of a God. Absurd, however^ an this maxim 
was, it remaii>cd uncontvadicted till within one 
hundred and fifty years, when it met with a 
practical refutation. About that time some 
workmen were employed by^ the duke of Flo- 
rence, to raise .'water by a common sucking 
pump to the height of fifty or sixty feet. A 
pump was accordingly constructed for that pur- 
pose; but, after all their efforts, they were 
unable to raise it above the height of thirty-two 
feet. It was then found either that Nature had 
not this horror of a vacuum, or at least, that 
it was a v^ry limited kind of a horror; for why 
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should Nature have a horror ofra^vai^uo}^ at 
height and xkol at aoother ? The matter was:. 
referred to the^ famoM^ astroiton^er 2^^ .philoso- 
pher Galileo; but, strange to relate^ he wa^^ 
lyiable to solve the difficulty I 

The diffiouUy is, h9wev^> now explained « 
We kpow that a puniip is a hollow piece of tiaiher ^ 
QT: iu/etal| to the bore of which a piston, bu^ket^: 
or siiQk(y,J8 ft^agtly fitted. That the pisto»,hn§ a^ 
valve in M XQa^e with If^ther, Jilc^ the cJapp^.o/pT 
a bellows. When the piston is pushed, dpwn, 
therefore^ the air, or any fluid cont^i^d i(^ the^ 
pump, will force it open ; aud when, the piston . 
is drawn up, the pressure of th§ air or water^ 
which has been admitted in th^ .w^y» will kfsep 
the valve down. But to make the mHitter per- 
fectly clear, let us represent the operation ia a ^ 
glass model. In PI. VL fig. 25^Js..a4)ump.coB-.. 
structed on the plan of a comm^on or sucking 
pump. Let this pump then^ D, C, B^ L,. be 
immersed in water at K; in»whjchjca$e you. will 
see the water rise as high as L in the pipe or 
body of the pump. G is the pi&ton, sucker, or . 
bucket, as it is sometimes called, in which a. is. 
the valve ; and at H is a box niade similar iq the 
bucket G with a valve in it i, with this. dif- 
ference, that the box H is immoveable, and fills 
the bore of the pump. D is the rod (which isj 
generally of iron) by which the piston is raisQd. 
When, therefore, by drawing up the rod Btbe 
piston or bucket is raised from B to G, ih^ v^ilye , 
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and piRtdtt being perfectly br nearly air-tight, it 
in obvious thftt a- ]>&ait7m*is created ; that is> th^rr 
i» a space from B to C, from whidl the alrifj^ 
drawn oat. This, however, is in some measure* 
supfdted'by the air from below, \vhich cnt^r* 
through the valve J, which it' opens by its force. 
It iff evident, however, that this atir must be ex-* 
ceedingly dilated*, by its now occupying sro imich' 
more spate ihaii it did before. The foWe 6t 
spring of the air, within the pump, is*so much' 
weakened^ that it is not able to rfesist the pres- 
sfure of the exterhal air upon the w'Mer. ITie* 
eKCierrial air, therefore, pressing upOh the surface 
of tho^aier, forces it to ascend through the* 
imtched foot of the pump' A, perhaps a* h1^ 
attain thfebbdy oflibfc of the pump; fiy ah^^ 
other stroke of tHfe pistort 6, or by causfng it* to 
descend, the uppervalve^a is again Opened by 
the force of sprittg of the air, and' the vaU't be* 
\&w{b) is shut by' the* satne pressure. Thu<r by 
the descent of the piston, all the aSt which was • 
included between the box H and the space C^ to 
which the piston was before raised, will rise" 
above the valve a in the piston, and by drawing it 
up, the valve a will again be shut, and a second 
vacuum created as before, which again will* be 
filled by the air from below, ascending through 
the lower valve b. The spring of the air being 
thus weakened by this second motion, the pres- 
sure of the atmosphere without the pump' will' 
c^Qse the water again to aseend within it, \yt \viU 
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suppose to F, By the next stroke the air will b« 
almost entirely exhausted, and the water will rise 
in the body of the pump above the box H, per—, 
haps as high as 6. On forcing down the piston, 
or bucket again, the valve h in the box H will be 
fihut by the pressure as before, and the valve aia 
the piston G will Be opened by the same pres- 
sure, and consequently water instead of air will . 
now be raised by the elevation of the piston. 
When the piston is thus raised, it is evident that 
a vacuum will again be cfreated between the box 
H and the piston C, which will instantaneously 
be filled up by the water flowing through the 
valve hy as before described. Thus, by the con- 
tinual working of the piunp, the water will be 
raised by the piston int6 the wider space, and 
caused to flow through the spout I. Every time 
the piston or bucket is raised, the valve b is lifted 
lip by the water beneath, and every time the piston 
or bucket is forced down, the valve a rises, and 
the valve h is depressed. For the easiness of 
working in common pumps, the rod D is fixed 
to a handle, which acts as a lever, and turns on 
a pin in the body of the pump. 

We have not yet, however, exf^ined the 
difficulty resjHicting the pump of the duke of 
Florence ; and you do not yet understand why the 
water would rise in it no higher than thirty-two: 
feet. We must recollect what was said respect- 
ing the cause of the water^s rising in the body 
of the pump. We know it was the pressure of 
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the atmosphere on the surface of the water with- 
out that forced it to rise. From this circum- 
stance it is evident that the air has weight. But 
again^ as the atmos^phere, or that mass of air 
which surrounds the globe, is onfy of a limited 
height (supposed about forty-five miles), it fol- 
lows that its weight or pressure must be limited 
also ; and it is fouiid that a column of water of 
thirty-two or thirty-three feet high, is equal ih 
'weight to a column of air of the &anoe diameter 
or thickness the whole height of the atmosphere. 
Consequently the pressure of the atmosphere can 
never force water through any vacant space 
higher than thirty-three feet. By the action of 
a common pump of four inches bore and thirty 
feet high, a single man can discharge twenty- 
seven gallons and a half of water in a minute j 
if the pump is only ten feet above the surface of 
the well, the quantity discharged in that time is 
eighty-one gallons six pints. 

The forcing pump is upon a different plan.. 
Here the piston is without a valve, and the water 
which rises through the valve in the box is forced 
out by the depression of the solid piston. Thus, 
in fig. S^^when- the piston or plunger^ is lifted 
up by the rod D, the water beneath forces up the 
valve b in the box H, and rises into the body or 
barrel of the pump above H* When the piston 
gy therefore, (which we must observe has no 
hole or valve in it) is depressed to H, the valve b 
being closed by this action, the water in the barrel 
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pf tl)e piimpi &idij^ uo otk^x vent, is fbreed 
jnto the pipe M M, and so -up tbrough the pi;^« 
If there is no occasion for a continued slreaxQ pf 
water, the pipe M is contiivwed to any given 
))eight, and then the water wogld be thrown ojut 
like a jet-d'eaux at every stroke of the jHStoo* 
But to make a continued stream a further contri- 
vance is necessary. 

To this end an air vessel, such,9$KK, is 
annexed to the pipe M, and into thijs air-vff$el 
the u'dter is forced by each stroke of the pi^tOA^ 
When therefore the water, by this action cootv- 
nued) gets above the lower jend of the pjjpe GHI* 
)i^'hich is fixed air-tight, in the top of the vei^seJ, 
ibe air in the upper part is proportionably con^ 
ckn&edp The action of the pump being tbe9 
continued, in proportion as the vessel K K ii» 
filled v^ith water, the air above it is compressed^ 
^nd in return presses on the surface an4 drive;^ 
out the water through the pipe at the orifice 
in it^ end in a continual stream, and with great 
force. 

It is upon this principle that the famous and 
truly useful invention of the fire-engine is found*- 
ed. It consists of two forcing pumps, and a 
large air vesser which communicates with Uie 
pipe. In figure $7, A B is the body of tb^ 
engine, in which the water is contained ; D and 
E are two forcing pumps, wrought by the lever 
f G, moving on the centre h. The easiest mod^ 
tt| sppplying the engine with water, is that 



^Cvhith is iisuafly etnplofcd in IwnAm 'in^c^s^es 
oF fire, when K^eath^rcprpe commtinicat:^6 with 
'the -orifioc of one ofHhe^pipes, which supplies tire 
city with water. Wh«n tliis cannot be dond^ 
the waler is poared by buckets into the vesstel 
AB, ^iiitd'bchig'Btrain^dlhrmiSgh the wire^rating 
K, is/by the pressure of the atmosphei^^ raised 
(as 'befcqne Hettciribed \A treating l>f the forcing 
pfrnvp) thrfitigh ^he Vad^es at the lower «i)d of 
the bartdls D"aaid E, when feitb^f of the fercers 
ascend, ^titkd Et their ttesoent it wiH be forced 
Jlfcrrough the oiher valves alternately, into the air 
ve8«erG':'<he dit*, ttier^fefe, in this Vessel l>eing 
very sfrOngly ceinpi^sded, by 4t8 spririg it witl 
force the water up through -the nfelal pipe withih 
the air vessel ; the part Q of which being 
flexible, its end may be directed to any part of 
the building where the flames predominate, v 

By the means of forcing puinps water may be 
raised to any height above the level of a stream^ 
or spring, provided the machinery is sufficiently 
powerful to work them. The London Bridge 
water-works, which supply the city of London 
with water, consist of a certain number of for- 
cing pumps, which are worked by large wheels 
turned by the tide. There is also a beautiful 
engine of this kind at the duke of Marlborough's, 
at Blenheim, 

The most powerful forcing pumps, however, 
are wrought by steam engines, for steam is one 
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of the strongest powers 5n nature. The ateai» 
engine consists of a large cylinder or barrel, in 
which is nicely fitted a solid piston^ like that of 
a forcing p«in>p. The steam is supplied from a. 
large boiler close by^ and i& admitted into the 
cylinder by an orifice, which can be occasionally^ 
shuL The force of the steam lifts the pistoix^ 
to the top of which is a(&xed a long lever to 
work a forcing pump, or for any other purpose j 
and when the piston is lifted a certain height, it 
opens a small valve in the bottom of the cylin- 
der, through which a small quantity of colci 
water l^eing admitted the steam is condensed^ 
and thus a vacqum being created, the piston 
again descends, and is again lifted up by tbe^ 
force of the steam* 
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OP PNEUMATICS. 

1 HE air we breathe is an heterogeneous ralr- 
ture, that is, a matter composed of different sub* 
5nnTCc»^--4iadL not of particles of perfectly the 
same nature. This is one of the secrets which 
the wonderful discoveries of modem chemistry 
have revealed to us. According to this system, 
caloric^ or the matter of fire, is the basis of all 
fluidity, and therefore air may be considered as 
consisting of very minute parlicles,\which swim, 
or are suspended in a mass o£ that very subtile 
and active fluid. The properties of caloric are 
not, however, perceptible in this mixture ; for on 
account ot the attraction which subsists between 
those particles of which air is composed, and 
those of caloric, the latter is rendered latent^ as 
Dr. Bbck expresses it, or, in other words, in^ 
active. The matter of atmospheric air is there*- 
fore composed of caloric as its basis, and some 
other matters. Or the other matters may be 
considered as dissolved and floatins; in the masif 
of fire, hke salt 01 gum, or any other substance 
in water. The nature of these matters will be 
explained in the chemical lectures^ and would be 

D 5 
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improper at present, * since it is of the general 
properties of air of which I aoi now to treat, or 
rather of its mechanical and not its chemical pro- 
perties. 

Fluids are divided into two classes; the iiu^oiii- 
pressible, and the elastic. That branch of science 
which is called ^hydrostatics* treats of all the 
known qualities of the former, and that of pneu- 
uiAlica onbraces all whi^k re»pect» the general 
pcopenies of the elastic tiuids. The elastic fiui«is 
4re again divided ifito tiwo classes, those which 
tre coadras^le, such as vapour, which is easily 
coodendtsd by cold i aqd^ the permaAentiy: elastic 
lOtuiiis, oi which there are mat^y, such as axrgea 
.air or gu$ (xhii word gas being an old Gecmaa 
li^rm iiignifyiag^ spirit *)> ^iirog^n or azotic gas, 
(or phl9gi[Stt«at£d air> as it was first called^ caibo* 
nic acid gas or fixabUs air, hydrogen gas or itt*- 
flammable air (>lvil which is used to inflate bal^ 
loons), nitrous gas, hepatic gas, &c. But of 
their general or mechanical properties the com* 
xnQvi aiF wiii serve to give a perfect idea. 

The pr.opertifes of air of which the science of 
pneumatics particularly treats, are its nveight, 
pressure, and elasticity or spring. 

That air, like all other bodies, is possessed of 
weight or gravity many obvious facts will serve to 
convince us J and, in truth, it may be reduced to 
i]^ simplest of all experiments, for air may beao* 

• Wbeoce our word ghost; 
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tcfktty we^bedt* If, for instance, a bottle which 
fcokh a wine quilrtis emptied of its air, either by 
the acttion of t^Kf air fbuinp, or by filling it with 
quiokttlker, and «»iptying the xjuicksilver out, 
taking care that, in corking it, no air is suffered 
to enter, h WH( be found to be sixteen grains 
ligMev tlhon it w«s before it was emptied of its air. 
A qiXBft of aif) therefore, weighs jnst sixteen 
grains ; a quart of water weighs fourteen thou- 
sand six hundred and twenty-one ♦, which, di- 
vided by sixteen, gives a result in round nuiAbers 
of nine hundred and fourteen ; so that water i& 
i^iae hundred and fourteen times heavier than 
air. 

TJiis, howetier, is only to be understood of air 
neaf th6 sudace of tl¥e earth ; for, in fact^ as air 
is & body possessed of gravity, that which iis near- 
est the earth su^tatiis a greater pressure, and is^ 
consequently more dense or compact ; and it ia 
rarer or more thin and light in the higher regions 
6^ the atmosphere, being Itss pressed with the 
weight of air which is above. The atmosphere^* 
I observed in my last lecture, is that mass of air 
which surrounds the globe, and which is gen«^ 
rally computed to be about forty-five tfdies in 
height. If altitudes in the air are taken in aTith*> 
metical proportion, the rarity of the air will be 
in geometrical proportion ; and therefore if we 
supposed that the atmosphere extended to tlie 

* A quart of v/ater is generally calculated at two pounds^ 
Imt it iriB fact sometlmig lesd* 
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height of five hundred miles, then one cubicr 
inch, such as the air we breathe, would be so 
much rarefied at that height> that it would fill a 
hollow sphere equal in dimensions to the orbijt ' 
of Saturn. 

We need not, hgwever, have recourse to cal- 
culations to prove a fact so generally understood* 
All persons who have visited the tops of high 
mountains know by experience that the air is 
thinner at those heights than below. As they 
ascend their breathing becomes quicker, the at- 
mosphere is clearer, neither clouds nor vapours 
can rise to such heights ; and it is common in 
these situations to see the lightning below pass 
from one cloud to another, while' all above is clear 
and serine. Ulloa, who went to take the mea- 
sure of a degree upon the earth's surface, informs 
us, that while he stood on the top of one of the 
Andes in Peru, the clouds, which were gathered 
below the mountain's brow, seemed like a tern* 
pestqous ocean, all dashing and foaming, with 
lightnings breaking through the waves, and some* 
times two or three suns were reflected from its 
bosom. '^ In the mean time he enjoyed a cloud- 
less sky, and left the war of the elements to the 
unphilosophical mortals on the plain below 
him.V 

The reason of all this must be evident. The. 
clouds are vapour, that is, water rarefied by heat; 
vapour is lighter than air near the surface of the 
earth, but iu the higher regions the air is thinoer 
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and lighter than these vapours, and conaequently 
they can only ascend to a limited height. What 
Ulloa observed on the Andes, has been confirmed 
by the adventurers in balloon^, and particularly 
by Mr. Baldwin, who ascended from Chester in 
the year 1785. The earth was entirely hid from 
his view by the immense liiass of vapours 5 he 
compares them to a sea of cotton, tufting here 
and there by the action of the air, and soon after 
the whule became an extended floor of white 
cloud, f 

To prove the weight and pressure of the atmo- 
sphere I shall mention an easy experiment, which 
the student may make himself, without any phi- 
losophical apparatus. If we nearly fill a com- 
mon saucer with water, and then take a tea-cup^ 
and burn in it a piece of paper ; while the paper 
is yet burning, turn down the cup, paper and all 
into the saucer, we shall soon see that the pres- 
sure of the air upon the water contained in the 
saucer will force it up into the cup. To under- 
stand the nature of this experiment it is necessary 
to anticipate in sonie degree what will be the 
subject of future lectures. Heat, caloric, or 
fire, is now known to be a real substance; 
when, therefore, the paper is burned in the tea- 
cup, the air is driven out by another fluid (viz. 
caloric) taking its place. Caloric, however, pe- 
netrates all substances ; and therefore when the 
flame is extinguished, it is dissipated through the 
pores of the cup, leaving almost a perfect vacuum. 



\ 
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io fill which the water is pressed up as before de- 
scribed. It would rise, if there was no imped?-'' 
ment^ to the height of thirty-two feet, because, 
as I explained in my last lecture, a column of 
the atmosphere is exactly equal in Weight to a 
column of water of that height. 

The weight of the air, or rather of the dtnid* 
sphere, is, however, exactly determined by the 
following experiment. 

Take a class lube about three feet long, open 
at one end; fill it with quicksilver, putting th« 
finger upon the open end, turn- that end dt^^n- 
ward, atid immerse it into a small vessel of quick* 
silver, without admitting any air : then take away 
the finger, and the quicksilver wiM remain sos*- 
pended in the tube twenty-nine inches? and a half 
above its surface in the vessel ; sometimes fnore, 
and at other times less, as the weight of th^ mr 
is varied bv winds and other Causes. That th6 
quicksilver is kept up in the tube' by the pressure 
of the atmosphere upon that in the bason, is evi- 
dent ; for, if the bason and tube are put under a 
glass, and the air is then taken out of the glass, 
all the quicksilver in the tube will fall down into 
the bason; and if the air is admitted again, the 
quicksilver will rise to the same height as^before. 
The air's pressure therefore on the surface of the 
earth, is equal to the weight of twenty- nine 
inches and a half depth of quicksilver all over the 
earth's surface, at a mean rate. 

A square column of quicksilver, twenty-nin« 



ixftches and a half high, and one inch thick^ 
^irreighs just fifteen pounds^ which is equal to the 
^pressure of air upoi every square inch of the 
'COfth's surface; and one hundred and forty-four 
Ximes as much, or two thousand one hundred 
■mcoA sixty pounds upon every square foot ; be- 
cause a square foot contains one hundred and 
forty-four square inches. At this rate a middle* 
fti^ed man, whose surface may be about fourteen 
square feet, sustains a pressure of thirty thou* 
sand two huadped and forty pounds, when the 
air is of a mean gravity ; a pressure which would 
be insupportable, and even fatal to us, was it not 
^ual on every part, and counterbalanced by the 
spring of the air within us, whieh is diffused 
through the whole body, .and re-acts with an 
equal force against the outward pressure. 

Now, since the earth's surface contains, iu 
round numbers, 200,000,000 square miles, and 
eveiy square mile 27,878,400 square feet, there 
must be 5,575,680,000,000,000 square feet on 
the earth's surface; which, multiplied by 2,1 60 
pounds, (the pressure on each square foot) gives 
1 2,043,468,800,000,000,000 pounds for the pres- 
sure or weight of the whole atmosphere. 

The above experiment on the quicksilver, 
whiGh \& called the Torricellian experiment, after 
its inventor Torricelli, who made it about the 
year 1645, is the foundation of ttiat instrument 
which is called the barometer, so useful in fore- 
telling changes of the weather. In the common 
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barometer the quicksilver in the ball below is left 
open to the pressure of the atmosph<^re, whf<:h-, 
according as it increases in weight or density, 
presses on the surface of the quicksilver, and 
forces it into the vacuum in the glass above*. 
When the air is dense or heavy it supports thpe 
clouds and vapours; when it is rarefied and thin 
it is unable co support them, and they fall in the 
form of mists, rain, hail, or snow. When, there- 
fore, the quicksilver rises in the glass, we say it 
is a sign of fair weather, when it falls it pro<^ 
gnosticates foul. 

That the air is clastic is easily seen from va*^ 
rious experin>ents, particularly when it is con- 
fined in a bladder or any flexible substance, wc 
then find it may be compressed by force into a 
narrower compass, and that it will expand again 
when that force is renaoved. But of all instru- 
ments for showing the elasticity as well as all 
the other properties of the air, the air*pump is 
the most complete. It was invented by the ever 
to be revered, the ever illustrious Boyle, though • 
the Germans claim the invention, and attribute it 
to Otto Gucricke ; but if he realty understood it, 
his knowledoc extended no further than the fact* 
that air n)ight be pumped out of a vessel like all 
other fluids, for we do not find that he ever ap- 
plied it to any practical purposes. 

Whoever is acquainted with the construction 
of a common water-pump, can have no difficulty 
in comprehending the nature and action of the 



Pneifmatics* ,^ 

'-pump; the principle is exactly the same, and 
may therefore, without further preface, refer 
immediately to the Plate VII. fig. 2S, to explain 
its operation. 

Having, pat a wet leather on the plate, LL of 
t.lie air-pump, place the glass receiver M upon 
the leather, so tliat the hole i in the plate may he 
^^'ithin the glass. Then, turning the handle F 
backward and forward, the air will be pumped 
out of the receiver; which will then be held 
down to the plate by the pressure of the external 
air or atmosphere* For, as the handle F is turn- 
ed backward, it raises the piston d in the barrel 
B K, by means of the wheel E ^fnd rack D : and, 
as the piston is leathered so tight as to lit the 
barrel exactly, no air can gel between the piston 
and barrel ; and therefore all the air above d in 
the barrel is lifted up toward B, and a vacuum is 
made in the barrel from h to d, upon which part 
of the air in the receiver M, by its spring, rushes 
through the hole i, in the brass plate L L, along 
the pipe G, which communicates with both bar- 
rels by the hollow trunk I H K, and pushing up 
the valve t, enters into the vacant place id of 
the barrel B K. For wherever the resistance or 
pressure is taken off, the air will run to that place, 
if it can find a passage. Then, if the handle F 
IS turned forward, the piston d will be depressed in 
the barrel ; and, as the air which had got into the 
barrel cannot be pushed back through the valve 
i, it will ascend through a hole in the piston, and 
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escape through a valve at d, and be hindered 'by 
that valve from returning into the barrel, Ivhen 
the piston is^again raised. At the next raising of 
the piston, a vacuum is again made in the same 
manner as before, between b and rf; upon w'hich 
more of the air that was left i« the receiver M, 
gets out thence by its spring, and runs into the 
barrel B K, through the valve i. The same thing 
is to be understood with regard to the other hsfr* 
rel A I ; and as the handle F is turned backward 
and forward, it alternately raises and depresses 
the pistons in their barrels, always raising one 
while it depresses the other. A vacuum being 
made in each barrel when its piston is raised, th^ 
panicles of air in the receiver M push out ♦owe 
another by their spring or elasticity, through the 
htrle i, and pipe G, into the barrds; until ^Idr^ 
the air in the receiver becomes so much dilated, 
and its spring so far weakened, that it can n^ 
longer get through the valves, and then no mc^re 
can be taken out. Hence there is no such thing 
as making a perfect vacuum in the receiver ; for 
the quantity of air taken out at any one stroke, 
will always be as the density of it in the receiver*: 
and therefore it is impossible to exhaust it entire- 
ly, because, supposing the receiver and barrels of 
equal capacity, there will be always as much 
left as was taken out at the last turn of thfe 
handle. 

There is a cock k below the barrels, which 
being turned, let$ the air into the receiver again ; 
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and then the receiver becomes loose^ and may be 
taken off the plate. * 

There ie also a glass tube m n (fig. S9.) open 
at both ends, and about thirty -four inches long ; 
the upper end communicaliug with a hole in the 
pump-plate^ and the lower end immersed in 
quicksilver at n in the vessel N. To this tube is 
fitted a wooden tu\ev mvif called thegagey which 
is /divided into inches and parts of an inch, from 
the bottom at o (where it is even with the sur- 
face of the quicksilver)^ and continued up to 
the top^ a little below^ to thirty or thirty-one 
inches. 

As the air is pumped out of the receiver M, it 
is likewise pumped out of the glass tube m n^ be- 
cause that tube opens into the receiver through 
the pump-plate; and as the tube is gradually 
emptied of air, the ^quicksilver in the vessel N is 
{breed up into the tube as in a barometer^ by the 
pressure of the atmosphere. And if the receiver 
oould be perfectly exhausted of air, the quicks 
silver would staiid as high in the tube as it does 
at that time in the barometer : for it is supported 
by the same power or weight of the atmos^phere 
in both. 

The quantity of air exhausted out of the re • 
eeiver on each turn of the handle, is always pro- 
portionable to the ascent of the quicksilver on 
that turn; and the quantity of air remaining in 
the receiver, is proportionable to the defect of 
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the height of tl)c quicksilver in the gage, from 
what it is at that time in the barometer. 

By means of the air-pump all the mechanical 
properties of air are, as before observed, most 
completely ascertained. Thus the weight and 
pressure are clearly proved by a very easy and ob- 
vious experiment. If we take a vessel of a long 
or cylindrical shape, (fig. 30.)' which is open at 
the top, and ph^e it on the pump, where the 
receiver stands in fig. 28, then press it on the 
top with the hand so as to exclude the external 
air, we shall find, as the vessel begins to be 
exhausted of air, a considerable pressure on the 
back of the hand ; and if the operation is conti- 
nued, that pressure will even become painful, and 
we shall perceive it impossible to remove the 
band. This evinces that the weight of that co- 
lumn of air which is above must be considerable, 
and that the calculation above stated, of the 
weight which a man's body usually bears, is not 
overrated. If, instead of the hand, a piece of 
bladder is tied over the open top of the vessel',^ 
we shall see the bladder gradually sunk in like a. 
jelly-bag, and at length burst with considerable 
force by the pressure of the external air ; a flat 
piece of glass, placed inthesame situation, will be 
broken in pieces. Why then is thd glass receiver, 
.which, we see, is placed on the pump in fig. 1,, 
not broken ? The reason of this is, first, the sbape^ 
of th^ glass, which is globular or anched at top^ 
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this is fonnd, by long experience, to be the* 
best form for supporting a weight; secondly, 
4liese receivers are generally made of thick glass, 
^nd with particulaj* care. 

Various facts in nature are explained by under- 
standing the pressure and force of the air. The- 
word suction is founded on a vulgar error, for, in' 
fact, there is no such thing. In all cases where 
suction is supposed, a vacuum or void is created, 
and the pressure of the atmosphere forces the 
fluid to fill up tkis void. Thus when children^ 
suck at the breast, the mouth and lips of the 
child act as an air- pump. The child swallows 
the air in his mouth, while he holds the nipple 
fast in his lips, so that none can come in that 
way. A vacuum, of course, is created, and the 
external air pressing on the breasts of the mother, 
squeezes the milk into the infant's mouth* The* 
action of cupping glasses is explained on the. 
same principle. The air is driven out of the 
cupping glass by means of heat, (as in the expe- 
riment with the tea-cup,) that part of the body 
where the glass is applied has therefore no pres- 
sure of air upon it, and the fluids of the human 
body are driven to that part where there is least 
resistance. 

By the air-pump we are also convinced mor^; 
clearly of the elasticity and compressibility of 
the air* Take a bladder from which the air is* 
almost totally exhausted^ and which appears 
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quite ffactid and compressed^ tie the neck of it 
tightas it wa6 when full, and put it in the air- 
pttoip. As'the air is exhausted we shall see the 
bladder gradually infiate^ till, at length, it will be- 
puffed out to the full size it was before we had 
egrpelled the air. Mr. Boyle relates that, by 
laeans of the air-^pump, he had rarefied common 
air so as to make it fill nearly fourteen thousand 
times the space it did before. 

A similar effect would take place with a blad-^ 
der, by carrying it to the higher regions of the 
atmosphere, where, as before explained, the air' 
is thinner and lighter, and consequently its pres- 
sure less. If a bladder half full is carried up to 
the top of a high mountain^ it will gradually di- 
late to its former size. 

If, instead of a bladder almost empty, a full- 
blown bladder, or a thin glass bubble filled with air, 
Affd closely stopped, is put into the air-pump, 
m soon as the air is exhausted, the bladder or the 
bubble will be Jburst in pieces. 

The air is also capable of being rarefied by 
beat. If a bladder, half blown and tightly tied 
at theneck, is held to the fire, we shall find that 
it^ll dilate to nearly its full size ; and if either a 
full-blown bladder ora thin glass bubble filled with 
air is held close to a strong fire, they will burst. 

That air is a compressible fluid must be evident, 
when we consider that it is elastic; and it must 
be fflirtlier evident from what was said in the last 
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lecture on the use of the air vessel annexed to the 
forcing pump and common fire engine. There 
is, .however, a beautiful experiment expressive of 
tbe effects from compressed air, which, with the 
aid of the plate, I shall endeavour to describe* 
It is a kind of artificial fountain, which is made 
t4» send out. a stream.or jet of water by means si- 
milar to those employed in the fire engine, thai 
is, by a body of compressed air forcing the water 
contained below it through a, small pipe, and out 
of the jet or orifice of the pipe. In Plkte VJII. 
fig. 31, ABCD,isacopper vessel, which may be 
made of any convenient form ; within the vessel 
is a small pipe or tube N O open at bottom, and 
with what is called a stop cock *f such as R at 
the upper end, to keep in the air when it is ne- 
cessary. To make the fountain play, we first fill 
it about two-thirds full with. water, then screw in 
the pipe, which must be made air-tight by oiled . 
leather. The air contained between the surface 
of the water and the top of the vessel is then of. 
the same density with that of the atmosphere. 
We then take the condensing syringe, fig. 32, 
and screw it above the stop cock, and force a. 
quantity of air into the vessel, which, as it can- 
not return, forces its way through the water into 

* A stop cock is exactljr like the common cocks used m boer 
barrels, &c. — When turned one way there is an orifice throug^h 
the stopple, which if we turn one way it then admits the air, 
OF aoj lloid ; when turned the other way it is sokd, and stops, 
the paxeage. 
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the upper part of the fountain^ where it remains 
in a condensed state ; while the air in the foun- 
tain or vessel is condensing, we turn the stop 
cock K to prevent the escape of the water. We 
then screw on a jet or pipe with a small aperture 
at lop, and when we turn the stop cock agaiiij 
the condensed air above, by its expansion, forces 
the water through the pipe, and out at the jet^ in 
n beautiful fountain. 

The condensing syringe, fig. 3S, is made like 
a common squirt or syringe ; but it has a valve 
at bottom, which, instead of opening inwards as 
the vaU'C t)f a pump, opens outwards at R. Near 
-the top of the syringe there i§ a small hole P. 
When, therefore, the condensing syringe is 
screwed on the vessel, if we draw up the piston 
(which is solid, as in a squirt, and not with a 
valve, like the piston of a pump) there will be a 
vacuum left between that and the valve, till wc 
draw up the piston as far as the little hole P, near 
the top. When it gets past the hole, the exter- 
nal air will rush in and fill up the vacuum ; when 
we push the piston down a^ain, and by this ac- 
tion the valve below is opened, and the air is 
forced into the vessel — the valve then shuts, and 
restrains the air from returning. 

Air, it is said, may be thus compressed into fifty 
thousand times less compass than its natural bulk, 
provided the apparatus is strong enough. On 
this principle of -condensed air is constructed tbt 
air-gun, a very dangerous and destructive instru- 
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inent. It was formerly a very complex tna- 
cbincy from having the chamber for containing 
the condensed air within the body or rather the 
butt end of the gun. That which is now in use 
was invented by the late ingenious Benj. Martin: 
see iig. 33. It is in shape exactly like a com- 
mon gun. Just below the lock, a copper ball A, 
fig. 34, screws on, which is charged or filled 
with condensed air by a condensing syringe, ex- 
actly as we charge the brass fountain, only that 
the ball contains no water ; the ball has a stop 
cock AT, which is turned or shut when it is not on 
the gun : the bullet is rammed in as we charge a 
musket, but must fit the barrel very exactly. By 
drawing the trigger a small valve is opened at the 
bottom of the barrel, and it is so contrived as to 
let out only one charge of condensed air at each 
pnll of the trigger; the bullet is discharged with 
a force sufficient to kill an animal at the distance 
of sixty or seventy yards. The copper ball con- 
tains about ten charges. There are generally two 
of these to each gun, and that which is not im- 
mediately in use may be carried in the pocket. 

In the next lecture we shall treat oF the atmo- 
spherical phaenomcn^.^ 
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LECTURE VII- 

EXP£lUiME^'TAL PHILOSOPHY. 



THE PHiKNOMKNA OF THE ATMOSPHERE. 

1 HE word pbsenomenon, the plural of which 
stands at the head of this lecture, and which we 
«hall frequently have occasion to use, means 
simply an appearance. It is derived from ilia 
Greek verb phainomai, which signifies to ap- 
"^ar; but it is generally used to imply any 
striking or remarkable appearance. The atmo- 
sphere was before explained to mean that mass 
of air which surrounds the earth. Various con- 
jectures have been made with respect to the 
height of the atmosphere; and, as we know to a 
certainty the relative weight of a column of the 
atmosphere by the height to which its pressure 
will raise water or mercury in an empty tube, so 
different calculations have been founded on these 
data, to ascertain its extent as well as its density 
at different heights. If the air of our atmosphere 
was indeed every where of a uniform density, 
the problem would be very easily solved. We 
should, in that case, have nothing more to do, 
than to find out the proportion between the 
height of a short pillar of air, and a small pillar 
ot water of equal weighty and having compared 



The Phcenomena of Tlie Atmosphere. 7$ 

the proportion the heights of these bear to each 
other in the small , the same proportion will be 
certain to hold in the great, between a pillar of 
water thirty- two feet high, and a pillar of aif 
that reaches to the top of the atmosphere, the 
height of which we wish to know. Thus, for 
instance, we find a certain weight of water 
reaches on^ inch high, and a similar weight of 
air reaches seventy -two feet high t this then itf 
the proportion two such pillars bear to. each 
other in the small. Now, if one inch of wa* 
ter is equal to seventy-two feet of air, to bo^^r 
much air will thirty-twa feet of water be 
equal ? By the common rule of proportion we 
readily find, that tbit ty-two feet, or three hun- 
dred and eighty- four inches of water, will be 
equal to three hundred and thirty-one thousand 
seven hundred and seventy-six inches, which 
makes something more than iSve miles, which 
would be the height of the atmosphere, was its 
density every where the same as at the earthy 
where seventy- two feet of air were equal to on© 
inch of water. 

But this is not really the case ; for the air's 
density is not every where the same, but de*» 
creases as the pressure upon it decreases; so 
that the air becomes lighter and lighter the 
higher we ascend ; and at the upper part of ,the 
atmosphere, where the pressure is scarcely any 
thing at all, the air, dilating in proportion, must 
be expanded to a surprising degree ; and there- 

B 2 
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fore the height of the atmosphere must be oiuch 
greater than has appeared by the last calculation, 
in which its density was supposed to be every 
where as great as at the surface of the earth. Fn 
order, therefore, to determine the height of the 
atmosphere more exactly, geometricians have 
endeavoured to determine the density of the air 
at different distances from the earth. — ^The follow- 
ing sketch will give an idea of the method which 
gome have taken to determine this density, 
which is preparatory to finding out the height of 
the atmosphere more exactly. 

If we suppose a pillar of air to reach from the 
top of the atmosphere down to the earth's sur* 
face; and imagine it marked like a standard by 
inches, from the top to the bottom ; and still 
further suppose, that each inch of air, if not at 
all compressed, would weigh one grain. The 
topmost inch, then, weighs one grain, as it suf* 
fcrs no compressure whatsoever; the second 
inch is pressed by the topmost with a weight of 
one grain, and this, added to its own natural 
weight or density of one grain, now makes its 
density, which is ever equal to the pressure, two 
grains. The third inch is pressed down by the 
weight of the two inches above it, whose weights 
united make three grains; and these added to its 
natural weight, give it a density of four grains. 
The fourth inch is pressed by the united weight 
of the three above it, which together make 
•even grains; and this added to its natural weight 
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gives It a density of eight grains. The fifth 
inch, being pressed by all the former fifteen, and 
its own weight added, gives it a density of six* 
teen grains ; and so on, descending downward^ 
to the bottom. The first inch has a density of one, 
the second inch a density of two, the third inch 
a density of four, the fouith inch of eight, the 
fifth of sixteen, and so on. Thus the inches of 
air increase in density as they descend from the 
top^ at the rate of one, two, four, eight, six* 
teen, thirty*two, sixty^four. Sec, which is call- 
ed a geometrical progression. Or if we reverse 
this, and begin at the bottom, we may say, that 
the density of each of these inches grows Jest 
upwards in a geometrical progression. If, in* 
stead of inches^ we suppose the parts into which 
this pillar of air is divided to be extremely small^ 
like those of air, the rule will hold equally good 
in both. So that we may generally assert, that 
the density of the air, from the surface of the 
earth, decreases in a geometrical proportion. 

This being understood, should we now desire 
to know the density of the air at any certain 
height, we have only first to find out how much 
the density of the air is diminished to a certain 
standard height, and thence proceed to tell how 
nuich it will be diminished at the greatest 
heights that can be imagined. At small heights 
the diminution of its density is by fractional or 
broken numbers. We will suppose at once that 
at the height of five miles^ or a Dutch league. 
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the air is twice less riense than at the surface of 
the earth : at two leagues high, it must be four 
times thinner and less dense, and at three 
leagues eight times thinner and lighter,^ and so 
on. Instead of Dutch leagues, suppose we took 
a German league of seven miles, and that it 
was four times less dense at the height of the 
first German league, then it would decrease in 
the %aine proportion, and be four times less 
dense than the first at the second league, that is^ 
sixteen times; and four times less dense than the 
second at the third league^ that is, sixty-four 
times; and four times less dense than the third 
at the fourth league, that is, two hundred and 
fifty-six times less dense than at the surface. 
In short, whatever decrease it received in the 
first step, it will continue to have in the same 
proportion in the second, third, and so on ; and 
this, as was observed, is called geometrical pro- 
gression. 

Upon the same principle it was attempted to 
calculate the height of the atmosphere. By 
Carrying a barometer to the top of a high moun- 
tain, the density of the air at two or three dif- 
ferent stations was easily ascertained.— But, 
alas I so feeble are human efibrts in endeavour- 
ing to comprehentl and measure the works of 
the Creator, that this theory was soon demo- 
lished. It was found that the barometrical ob- 
servations by no means corresponded with the 
* density which, by other experiments, the air 



The Phcenomena of the Atmo^here. 19 

ought to have had; and it was therefore suspect- 
ed that the upper parts of the atmosphere were 
not subject to the same laws or the same pro- 
portions as those which were nearer the surface 
oF the earth. Another still more ingenious me- 
-tliod was therefore devised. 

Astronomers know, to the greatest exactness, 
the place of the heavens in which the sun is at 
any one moment of time: they know, for in- 
stance, the moment in which it will set, and 
al^o the precise time in which it is about'to rise. 
However, upon awaiting his appearance any 
morning, they always see the light of the sun 
before its body, and the sun itself appears some 
minutes sooner above the mountain top, than it 
ought tu do fron^ their calculations. Twilight 
is seen long before the sun appears, and that at 
a time when it is eighteen degrees lower than 
the verge of the sky, There is then, in this 
case, something which deceives our sight; for 
Dve cannot suppose the sun to be so irregular in 
his motions as to vary every morning : tor this 
would disturb the regularity of nature. The de- 
ception actually exists in the atmosphere. By 
looking through this dense, transparent sub« 
stance, every celestial object that lies beyond it 
is seemingly raised up, in a way similar to the 
appearance of a piece of money in a bason filled 
with water. Hence it is plain, that if the at- 
mosphere was away, the sun*s light would not 
be brought to view so long in the morning be- 
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fore the sua itself actually appears. The sun, 
without the atmosphere, would appear oiie en* 
lire blaze of light the instant it rose, and leave 
us in total daikncss the moment of its setting. 
The length of the twilight, therefore, is in pro- 
portion to the height of the atmosphere: or let 
us invert this, and say, that the height of the at* 
niosphcre is in proportion to the length of the 
twilight. It is generally found, by this means, 
to be about forty-five miles high ; so that it was 
hence concluded either that that was the actual 
limit of the atmosphere, or that it must be of 
an extreme rarity at that height. 

The density of the air, however, depends not 
merely on the pressure it sustains, but on other 
circumstances ; so • that it varies even at the 
same height in different parts, and in the 
same place at different times, as is seen by the 
mercury in the barometer rising to different 
heights, according to the state of the weather, 
^eat in particular was mentioned as a very pow- 
erful cause in rarefying the air. From this cir- 
cumstance arises one of the most striking and 
formidable of the atmospherical phasnomena-* 
the WIND. Wind is nothing but a strong cur* 
rent or stream of air. Whenever, therefore,, the 
air is heated by M^e sun, or by any other means, 
it will be rarefied, and less able to resist the pres- 
sure, of the adjacent air, which will consequently 
rush in •* to restore the equilibrium,'' to speak 
in the technical language of philosophy, or, in 
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plain terms, to reduce the rarefied part to a uni- 
form density with the other. This current of 
air is sensibly felt near tl>e door of a glass-house, 
or wherever there is a large fire. A current of 
air is also to be perceived rushing through the 
key-hole, or any chink or crevice, into a heated 
room. This may server to give a general idea of 
the causes of winds. 

This principle we consequently find realised 
on a great scale, in what are called the trade 
winds f which blow constantly from east to west 
near the equator. When the suit shines vi- 
olently upon any part of the earth, it is plain 
that, by the immense accession of heat, the air 
must be greatly rarefied. The cold air will 
therefore rush from the adjacent parts to that 
where there is little resistance, and conse- 
quently cause a stream or current of aii*, in other 
words, a wind, towards that quarter. The sun 
rises in the east, and sets in the west, conse- 
quently the air will be heated gradually from 
.east to west, and the wind will blow in that di- 
recti on. Near ttoe equator, therefore, where the 
surface of the eaujh is heated in succession from 
east to west, there will be a constant wind from 
the east, but on the north side of the line it 
will incline ja littfe to the north, :and on the 
south side a little to the south, for. an obvious 
reason, because it is colder towards each pole, 
and therefore the mass, of cool air will be prin- 
cipally drawn from these qwarterSi, 

£ & 
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The same cause will explain the land and sea 
breezes in the tropical climates. In islands, 
and small tracts of land which run into the sea. 
in those regions, it will generally be found that, 
during the day, there isa current of. air towards 
the sea,^ and at evening the current sets in from 
the sea tb the land. The reason of this is, that 
water is always of a more even temperature, that 
is, of a more equal heat, than land. During the 
dav, therefore, the land becomes considerably 
heated, and the air is rarefied ; the consequence 
is, that in the afternoon a breeze sets in from . 
the sea, which is less heated. On the contrary, 
during the course of the night the land loses its 
heaft, while that of the sea continues more near* 
ly the same. Towards morning, therelore, a 
breeze regularly proceeds from the land towards 
the Qcean, where the air is warmer, and conse- 
quently more rarefied, than on shore. - 

The monsoons are periodical winds which 
blow between the tropics, an<l which, though 
the theory of them is rather more complicated, 
originate in the same cause. They depend, in- 
deed, upon large tracts of territt^ry being heated 
during the warn* ^ason, by which the general 
course of the trade winds is partially interrupted. 
Thus, a hen the sun approaches the tropic of 
Cancer, the soil of Persia, Bengal, China, and 
the adjoining countries, is so much more heated 
than the sea towards tfee southward of these 
countries^ that instead of the usual trade wind> 
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the current of air proceeds at that season 
from the south to the north, contrary to what it 
would if no land was there. But as the high 
mountains in Africa, during all the year, are ex- 
tremely cold, the low countries in India to the 
eastward of it become hotter than Africa during 
the sUnrraier, and the air is naturally drawn 
thence to the eastward. From the same cause 
IIm; trade wind in the Indian ocean blows, from 
April to October, in a north>east dKec^tion, con- 
trary to tlie general course of the trade wind; in 
the open sea in the same latitude ; but when the 
sun retires behind the tropic of Capricorn, these 
nortlverii parts become cooler, and the general 
trade wind assumes its natmai direction. In»tbe 
northern tropic tlie monsoons depend upon si- 
milar causes. 

In our climate the winds are more variable^ 
because the rarefactions which take place in the 
air are here moce partial, more frequent and 
sudden, than in the tropical regions. I have 
sufficiently e^cplained, that whatever dilates or 
rarefies the air in any part must produce a wind 
or current of air towards that part. Among the 
most powerful causes of winds, therefore, we 
must account the electricity of the atmosphere,^ 
which (as will be explained hereafter) is the 
cause of ^thunder and lightning. A thunder 
storm, therefore, is commonly either preceded' 
or followed by a storm of wind. The rays of 
the sun. are also sometimes partially interrupted 
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by cIoucIb or mists in particular places, conse- 
quently the earih will be more strongly heated in 
one part than another, in which case there will 
always be a current of air from the colder to the 
warmer region. The fall of rain too, and many 
other circumstances, may produce an alteration 
in the temperature, which will be followed by a 
change in the wind. 

The velocity of the wind has been frequently 
measured with great accuiacy, and varies under 
difterent circumstances. It has been said of 
swjft horses, such as Childers and Eclipse, that 
they outstripped the wind, and so they did even 
at its mean rate. But we ourselves can even go 
faster than the wind in some states ; for in calm 
weather, when its motion is just perceptible, its 
velocity is not more than one or two miles in an 
hour, and even a brisk wind docs not travel at 
the rate of more than 10 miles an hour. ChiU 
ders, on the contrary, is known to have run at the 
rate of nearly one mile in a minute, that is at 
least 60 in the hour, which is equal to the vclo* 
city of a very great storm. 

The storms which we experience in thesehappy 
climates ac£ nothing when compared with those 
dreadfi;! convulsions of nature which are occa- 
sionally felt in warmer latitudes, where the fruits 
of a whole year's labour are often destroyed by a 
single hurricane. These terrible phsenoniena 
happen in the West Indies generally in the rainy 
season^ about the month of August. They are 
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always preceded by an unusual calm ; but the 
storm conies on suddenly, commonly accom- 
panied with rain, thunder, and lightning, and 
sometimes with an earthquake. Whole towns 
are made a heap of ruins by one of these hurri- 
canes ; fields of sugar-canes are whirled through 
the air ; the strongest trees are lorn up by the 
roots, and tossed like^ stubble ; nor can any 
building be constructed strong enough to afford 
a shelter from the beating of the storm, and the 
dehige of wet with which it is accompanied. 
The island of Jamaica was visited -in the year 
1780 by this fatal calamity, and the damage 
wh'.Cvh ensued is not to be calculated. The hur- 
ricanes in the West Indies have been attributed, 
with (Treat nn;bability, to some occasional ob- 
struction in the usual and natural progress of the 
equatorial trade winds. 

The karmaUan is a wind which prevails oc- 
casionally during the months of December, 
Jinuary, and February, in the interior parts of 
Africa, and always blows towards the Atlantic 
ocean. There are generally three or four returns 
of it every season; it blows with a moderate 
force, not quite so strong, indeed, as the sea breeze. 
A tog or haze always accompanies the harmaitan, 
so that the sun is concealed the greater part of 
the day, and the largest building cannot he seen 
at a quarter of a nnle distance. The particles 
which constitute this fog are deposited on the 
leaves of trees, and on the skins of the negroes^ 

a 
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making them appear white. But the most ex- 
traordinary property of this wind is its extreme 
dryness. No dew falls during its continuance 
(on an average about a week), and the grass is 
parched up like hay. Household furniture is 
cracked and destroyed, the pannels of wainscots 
split, the joints of a well-laid floor of scasdned 
wood will be opened so as to admit the breadth 
of a fifnger between them, and the covers of 
books, though shut up in a close chest, are bent 
as if they had been exposed to the fire. Nor 
docs the human body escape ; the e)es, nostrils^ 
lips, and palate are parched up, and made very 
uneasy. Though the air is cool, there is a 
prickling heat all over the skin; and if the bar- 
mattan continues four or five days, the scarf 
skin peels off. This Wind, though fatal to ve- 
getable life,, is highly conducive to the health of 
the human body. It stops all epidemics, in- 
deed no fufeetion can be communicated during 
its continuance everi by inoculatioin. It re- 
lieves patients labouring undttr fevers, and is re- 
markable for the cure of ulcers and cutaneoun 

diseases. / 

The sirocco is as deleterious as the harmattan 
is salubrious. It is common in Italy and the 
south of France. In the former it is called the 
sirocco^ from a common opinion that it bbws 
from Syria; in the latter it is called the Levant 
wind. The medium heat of the weather while 
it blows is one hundred and twelve degrees,. H 
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is fatal to veuetables, and often destructive to the 
human species. It depresses the spirits in an 
muisuai degree; it suspends the power of di- 
gestion, so that those who eat a heavy supper, 
while it continues, are often found dead in their 
beds in the morning. The sick at that afflict- 
ing period commonly sink under the pressure of 
their diseases; and it is customary in the morn- 
ing, when this wind has blown a whole night, 
to inquire who is dead. 

The samiely or mortifying wind of the deserts 
near Bagdat, is also dreadful in , its effects. At 
its approach the camels instinctively bury, their 
noses in the sanctj and travellers throw them- 
selves as close as possible to the ground till it 
has passed bv, which is commonly in a few mi- 
nutes. As soon as those who have life dare to 
rise up, they examine how it. fares with their 
companions, by plucking their arms and legs ; 
for if they are struck by the wind they will be so 
mortified that their limbs will come asunder. 
The fatal effects of this wind must depend upon' 
a fjuHutity of putrid vapour with which it is 
charged, probably from blowing over stagnant 
lakes, or marshes loaden with putrid matter. 

tVhirlwindSy which are so sportive in their 
appearance in this country, carrying up straws 
and other light bodies a considerable height in 
the air, have been known in the tropical coun- 
tries to have had more tremendous effects. It 
is probably a description of them which is 
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known there by the name of a tornado; these 
carry up with them the whole materials of a 
cottage, or even large trees, >yith the saifie velo- 
city as our whirlwinds do straws and the lightest 
bodies. A whirlwind at land is a water- spout 
at sea; at least both seem to proceed from the 
same cause. Wherever the air is suddenly rare- 
fied in a particular spot, from electricity or any 
other cause, a kind of vacuum is created, and 
the circumambient air rushing at once from 
every quarter, a conflict of winds takes place, 
and the circular motion, already noticed, ensues* 
It is to be observed that, in water- spouts at sea, 
the water ascends, and does not descend (ac- 
cording to the vulgar notion) from the cloud, 
which is formed at the extremity of the spout. 
The water in this case rises, where the vacuum 
is created by the whirlwind, by the pressure of 
the atmosphere, as in a common pump. Only 
the vacuum not being quite perfect, it rises in 
small drops, and forms the cloud at the upper 
extremity of the phaenomenon. An artificial 
water-spout may be made in a very easy way. 
In a stiff paper or card make a hole just wide 
enough to insert a goose quill, then cut the quill 
off square at both ends ; place the card at the 
top of a wine glass or tumbler filled with water 
to within about a quarter of an inch of the 
lower orifice of the quill. - Then apply the 
mouth to the upper part of the quill, and draw 
out the air» The water in the glass will then be 
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seen raised in the form of an inverted cone like 
a water spout^ and not in a continued stream, but 
brnkeninto drops, and mingled with particles 
of air. . 

It is by the agency of the air that, water is 
raised in vapour Iroui the earth ta form clouds. 
You need not be told, I presume, that clouds 
are water in a :su$pcndeu slate, and so is the 
cuinmou sujuke which ascends from our chim- 
neys, the columns of which, in fact, are' so 
many clouds. Vapour is water expanded by 
heat or fire to the state of an elastic fluids 
and it rises in the atmosphere *^^ because va* 
pour is lighter or less dense than our common 
air (it is, in fact, fourteen hundred times iighter 
than the water of which it is composed, whereas 
Oinimon air is only about nine hundred timet 
lighter than water) ; and it is a rule in philosophy, 
depending on the principle of gravitation, that 

* There is a constant process of evaporation going on from 
all bodies on the surface of the earth which contain moisture. 
In a dry atmosphere the evaporation frum the human body is 
very considerable, but the heat which that carries off is con» 
tinuaify recruited by the vital principle* which is wonderfully 
adapted to resist, tt> a certain extent, the effects both of a liot 
and a cold medium, keeping tl.p blood in eithtr very nearly at 
the same temperature. When, however, tliis principle is roused 
by exercise, and a warm and nu.ist air, or a spasm on the skin» 
obstructs the free passage of the perspircblc matter, the blood 
becomes over-heated, and we ieel oppressed. On the oth^ 
hand, exposure to a keen dry wind, wiihuut u'Hiient exercise* 
endangers delicate persons, trom the too gi eat cooling of the 
Wood* 
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when two fluids of difTerent densities are brought 
together, the lighter will always rise to the sur- 
face. It is, however, only^ near the surface of 
the earth that the air is denser and more heavy 
than water. The vapours, therefore, can only 
rise to a limited height ; and it is generally 
agreed that there are no clouds at the height of 
four or five miles in the atmosphere. Vapour, 
by coming in contact with a cold body^ can 
be deprived of its heat, and is suddenly con* 
densed into water again, as in the refrigeratory 
of a still, where the vapour, confined in a spiral 
tube, is made to pass through cold water, and is 
condensed, as in the steam engine, which was 
noticed in a former lecture. 

If, therefore, the vapours in the atmosphere, 
by ascending into the colder regions of the air, 
by electricity, or by meeting with cold winds, 
arc deprived of the heat which keeps them in 
the viporific state, they will, of course, be 
condensed into clouds, and will fall down 
in the form of rain. Perhaps the attraction 
of the earth, when they approach it, may, 
in many cases, serve to draw off the super* 
iluous heat, or electricity, and ccmdense the 
vapours ; which may account for its generally 
raining on the tops of mountains, and for th^ 
changes of the weather predicted by the baro- 
meter. For when the ain is so fiit rarefied as 
not to be able to support the column of mer- 
cury to a certain height in the tube of the ba- 
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rometer, it is generally regarded as a sure pro- 
gnostic of rain. 

I'he air in the higher regions being sometimes 
intensely cold, the vapours immediately after 
condensation are frozen, and the frozen parti- 
cles in their slow descent nnite at a determinate 
angle, forming the beautiful feathery flakes of 
snow, each of which is, in fact, a very compli- 
cated group of little crystals. Hail is sometimes 
an entire drop frozen in its descent through a 
colder region, or by means of a rapid evapora- 
tion>in which case it is a. transparent globule i but 
much more frequently acommon snow flake rolled 
lip in a manner by whirling between two cur* 
rents forming an opake nucleus^ which by its ex- 
treme coldness encrusts itself with clear ice out 
of the vapours it meets with in falling. These 
rolled snow flakes often fall unencrusted before 
a severe fros^t. Angular hailstones are the frag- 
ments of larger spheres which have burst in their 
fall, probably by the expansion of air enveloped 
in the spongy nucleus. 

The deiVy which falls in a summer evening, is 
part of the vapour which is'raised in the course 
of the day by the sun's heat ; but not being com- 
pletely dissolved or dispt rstd in the atmosphere, 
it is condensed, and tails with the evenino's cold. 
lu cool nights the dew often becomes frozen in 
the form of hoarjrost. 

The atmospherical phtenomena will be further 
explained, when we treat of electricity. . 
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ELECTRICITY. 

Xp the electrical fluid is not caloric, oi? the matter 
of fire, it resembles that element in so many of 
irs pbasnoroena and efTects^ that there is reason to 
believe it a combination of it with some other 
substance. But of the nature of that combina- 
tion we are at present ignorant. To mortify the 
pride of matij philosophy leaves some things 
unexplained i the really igiu>rant are those who 
think they can penetrate into every secret of 
nature : whereas the trulv wise will see that there 
is much placed out of the reach of human com- 
prehension, and many things yet left to be disco- 
vered by the industry and the patience of man. 

The electric matter resembles caloric or fire 
in its most usual effects, the po>\er of igniting or 
setting on fire inflammable bodies; in melting 
metals ; in the emission of light ; ami in the 
velocity of the electric spark. Friction, which 
is known to produce heat and fire, is also the 
most powerful means of exciting electricity; 
heat also extends itself most rapidly in humid 
bodies and metals, and these are the best con- 
ductors of electricity ; and as caloric is the most 
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elastic of all fluids, and perhaps the great cause 
of repulsion* so the electrical repulsion vckKy^ 
perhaps, be referred to the same principle. 

On the contrary, there are some facts which 
seem to prove that the electric matter is some- 
what different in its nature from caloric. The 
electric matter affects the organs of scent ; its 
progress niay also he arrested by certain sub- 
stances which, on that account, are called non- 
conductors ; glass, in particular, which admits the 
passage of both heat and light, stops the course 
of the electric matter: on the contrary, the 
electric fluid will adhere most tenaciously to 
Rome other bodies, without diffusing itself even 
to those which are in contact with them : thus 
an electric spark has been drawn by a wire 
through the water of the river Thames, and has 
Bet fire to spirit of wine on the opposite side. 

The principal phaenomena of electricity are, 
first. The electrical attraction and repulsion. 
Secondly, The electrical fire rendered visible*: 
and, thirdly. The power which certain substances 
possess of conducting the electrical matter ; 
whence arises the distinction between conduc- 
tors and non-conductors, or non-electric and 
electric bodies. The electric are those which are 
capable of being excited, such as glass, amber, 
&c. but do not conduct ; the non-electrics are 
such as conduct the electric matter, but cannot 
be excited to produce it, ^uch as metals, stones^ 
and all fluids. 
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These phsenomena were not, however, all dis<* 
covered at once ; on the contrary, it was by: slo«r 
degrees that philosophy became acquainted with 
the properties of this surprising fluid. It was, 
however, long known that amber* and some 
other matters, when rubbed on a soft and clastic 
substance^ had a power of attracting feathers^ 
straws, or other light bodies. We may, without 
either pains or cosi, make the experiment : by 
taking a piece of sealnig-wax, and rubbing it 
quickly upon a worsted stocking, we shall find 
that it will readily attract hair^ feathers, chaif^ 
&c. A smooth bubble of glass'^^iJfM^wer still 
better. 

Sulphur is also a body that is capable of ex- 
ercising this power of attraction ; and to observe 
more perfectly its efFecis, Otto Guericke, burgo- 
master of Magdebourg, (the same who is men- 
tioned in a preceding lecture, as having afforded 
hints for the construction of the air-pump,) made 
a large globe of sulphur, which he fixed in a 
wooden frame, and, by whirling it about rapid- 
ly, and rubbing it at the same time with his 
hand, he was enabled to perform several experi- 
ments. This mav be regarded as the first electri- 
fying machine. He observed that a body which 
was attracted by his globe was afterwards repel • 
led by it, but that if it touched another body, it 
became after that capable of being attracted 

* Amber, electron in Greek, i^beace the name electricity. 
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ag^in. Thus he was able to keep a feather sus- 
pended over bis globe ; but if he drove it near a 
linen thread, or the flame of a candle, it in- 
stantly recovered its propensity to approach the 
globe again. This fact is now' e^s plained ; the 
leather, by being attracted by the globe, and 
especially when in contact with it, becomes 
charged, or loaded with the electric matter ; 
when it touches or comes very near a body which 
is not charged with electricity, it parts with its 
share to that body, and returns again to receive 
a fresh supply, if f* within the sphere of attrac- 
tion," thitnis,* within those limits whither the 
attractive powers of the globe extend. 

This philosopher was enabled to remark the 
hissing noise which a stream of the electric mat- 
ter produces, and he had a glimpse of the elec- 
tric light; but Dr. Wall, an English philosopher, 
observed it more clearly. By rubbing amber upon 
a woollen cloth in the dark, he found that light 
was produced, attended by a hissing or rather a 
crackling noise. Mr, Hawksbee, another of our 
countrymen, observed the same thing of glass ; 
and he constructed a kind of machine, which 
enabled him to put a glass cylinder in motion. 

Thus the electric attraction and the electric 
light were proved by experiment; but it was 
reserved for Mr. Grey, a pensioner of the Char- 
ter-house, to make the distinction between those 
bodies which are capable of being excited to 
electricity, and those which arc only capable of 
receiving it from others. After atten^pting in 
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vain to give the power of attraction to metals, by 
rubbing, hammering, and heating, he conceived 
a suspicion, that as a ginss tube, wlten rubbed in 
the dark) communicated its light to other bodies, 
it might possibly be made to communicate also 
its power of attraction. He provided himself, 
therefore, with a glass tube three feet five inches 
long, and near an inch and one-fifth in diameter. 
The ends of the tube were stopped with cork, 
and he found that when the tube was excited by 
friction, a feather was attracted as powerfully by 
the cork as bv the tube itself. To convince him- 
jjelf more I'ully, he procured a small ivory ball, 
which he fixed to a stick of deal four inches long, 
and thrust into the cork ; and he found that it 
attracted and repelled the feather even with more 
vigour than the cork itself. He afterwards fixed 
the ball to a longer stick, and even to a piece of 
wire, with the same success. I^stlv, he attached 
it to a piece of packthread, and bung it from a 
high balcony, where he fouinl that, by rubbing 
the tube, he enabled The ball to attract lip:ht bodies 
in the court below. 

His next attempt was to examine whether this 
power acted as well horizontally as pcrpendicular- 
Iv. With this vifW he made a loop of cord, which 
Ke hung to a nail in one of the beams of the cieliug, 
and ran his packthread, which had the ivory ball 
at the end, through the loop; but in this stae he 
found, to his utter mortification, that his ball 
had totally lost the power of attraction. On 
mentioning his disappointment to a friend, it 
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was suggested, that the cord which he employed 
for the loop, through which the packthread ran, 
might be so coarse as to intercept the electric 
power. To remedy this, they made the loop of 
«ilk, which they considered as stronger, in pro- 
portion to its thickness, than the former. With 
this apparatus they succeeded beyond expectation. 
As they attributed their success entirely to the 
fineness of. the silk of whicl^ the loop was made, 
they thought they would perform still better by 
supporting the packthread by a very fine brass or 
iron wire ; but to their utter astonishment, the 
electric virtue was entirely lost ; while, on the 
contrary^ when the apparatus was supported by 
the silk loops, they were able to convey the 
power of attraction along a packthread of seven 
hundred and sixty-five feet in length. It was 
evident, therefore, that these effects depended 
upon some quality in the silk, which disabled it 
from conducting away the electric power, as the 
hempen cord and the wire had done ; and, by 
subsequent experiments, this hypothesis was 
amply confirmed. 

This little narrative may serve to give a compe- 
tent ideaofnon-conductingand conducting bodies; 
and we must remember, that those bodies which 
-do not conduct the electric fluid are most capable 
of exciting it, and are-supposed to be naturally 
charged or loaded with a quantity of it. They have, 
therefore, been called electrics ; such are amber, 
jet, sulphur, glass, and all precious stones j all 
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resinous substances ; and tbe dried parts of ani*' 
nials> (except the bones,) such as hair^ wool, siik> 
&c. On the contrary, stony substances in gene- 
ral, fluids in general, alum, pyrites, sulphuric 
acid, black lead, charcoal, and all kinds^ of me- 
tals are among tbe non -electrics^ or those which 
conduct the electric fluid » 

Soon after the discoveries, as above related, of 
Mr. Grey, both the English and German philo- 
sophers contrived means of accumulating the 
electric matter and increasing its effects. Not 
only th« electric fire was rendered visible, but it 
was made to pass from one conducting body to 
another. Spirits and otht inflammable matters 
were easily set on fire by the electric spark; and 
animal bodies were made to feel what is called 
the eltctric shock— that is, the uneasy sensation 
felt on the electvic fluid passing through any part 
of our bodjesn 

The qiachines at first constructed for produ- 
cing the electric fire were made in a very com- 
plex form. It is now found that it may be exci- 
ted by very simple means ; and the machine ex- 
hibited'in plate 9(fig 35.), though very simple, is 
very powerful. In this figure ABC represents 
the board on which the machine is placed. D and 
E are two perpendicular supports, which susiain 
the glass cylinder F G H I. The axis of the cap 
K, in which the cylinder is fixed, passes through 
the support D, and it is turned by a winch or 
handle^ as represented in the plate. The axis of 
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ihe other cap is inserted in the supporter E ; O ift 
the glass pillar to which the cushion is fixed. At 
the bottom of the pillar O is a brass screw T, 
which brings the cushion at the top of the pillar 
nearer to the cylinder or removes it further, at 
the discretion of the operator, when he wishes to 
increase or lessen the pressure. 

YZ is the prime condactor^ which takes the 
electric matter immediately from the cylinder; 
and in order that the electric fluid may be accumu- 
lated upon the conductor, and not run off to the 
earth, the conductor is insulated^ that is, placed 
upon a non-conducting body, which will not at- 
tract the fluid away from the conductor. The 
insulalingsubstance, in this case, is a glass pillar^ 
LM, (glass being the most convenient substance 
for this purpose) and VX is the wooden foot or 
base of the glass pillar. The conductor is always 
of metal, at least externally, as metals are found 
to be the most powerful of the conducting bodies* 
They are commonly made of wood, and cased over 
with tin-foil. 

When electrical machines were first construct- 
ed, instead of a cylinder, a glass globe was made. 
USI& of ; and when this was turned, the hand of 
the operator was applied to it, and afterwards a 
piece of glove leather ; but the most effectual and 
easy means is now found to be a leather cushion, 
covered or smeared over with what is called an 
amalgam, or a mixture of tin and mercury. A 
small chain is also annexed to the apparatus, in 
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order to make a communication with the earth, 
which is always necessary, as the electrical fluid 
is all supposed to be ultimately derived from the 
earth. When the chain is laid over that conduct- 
or which communicates with the cushion, then 
that conductor is no longer insulated, but an. 
immediate communication is established with the 
earth : if, on the contrary, the chain is taken 
Irom it, and laid over the prime conductor, diffe- 
rent effects are produced, which we shall endea- 
vour hereafter to explain. 

It is scarcely necessary to add that the electri* 
cal power is excited by turning the cylinder pretty 
quickly round, while it rubs against the cushion. 
On turning the cylinder for a little time in this 
manner, we find that sparks may be drawn by the 
knuckle from the prime conductor, which is then 
charged or loaded with the electric matter, and 
this matter has a kind of sulphureous smell. 
Again, if a metal plate is placed at some distance 
beneath the conductor, and some light bodies, 
such as feathers, straws, or little images of men 
and women cut in paf>er are presented to it, thev 
will be first attracted to the conductor, they then 
become in effect cmiductors themselves, and, as 
soon as charged with the electrical matter, they 
will be repelled ; they will then fly to the plate, 
and discharge the electricity they have received, 
and then be in a state to be attracted again, when 
they will again fly up to the conductor ; and a very 
curious effect is produced by the little ifiia<res 
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being thus put in motion by a kind of magica) 
power. 

The human body itself may, in this manner^ 
be made a conductor 5 but to enable it to accu- 
mulate any quantity of the electric matter, the 
man must be insulated, that is, some non-con- 
ducting substance must be placed between him 
and the earth, and he must stand upon a cake of 
rosin, wax, or sulphur, or upon a stool with 
glass legs. If, then, he lays his hand upon th« 
conductor, his body will be filled with the elec- 
trical matter, and sparks may be drawn from any 
part, upon being touched by another person ; 
and each spark will be attended with a crackling 
noise, and a painful sensation to each party. If, 
in the same circumstances, spirit of wine is 
presented to the man in a metal spoon, when 
he touches it with his finger it will be set ovt 
fire ; and gunpowder, or any other very inflam* 
mable substance, may be kindled in the same 
manner. 

As metals are the most powerful conductors 
of electricity, if a wire of iron or any other metal 
is suspended by silken cords (that is, insulated), 
the electric matter may be conveyed to an im- 
mense distance througii dry air; for air is a non- 
conducting substance when not moist, and there- 
fore will not draw away the electric matter. In 
this manner some French philosophers conveyed 
the electric fire through a circuit of three miles. 
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Though water is a conductor, yet, not being so 
powerful as metals. Dr. Watson, of Lincoln's 
Inn Fields, conveyed (as has already been ob- 
served) the electric fire, by means of a wire, 
through the Thames, and it set fire to spirit of 
wine on the opposite side. 

The most powerful means, however, of accu- 
mulating the eleclric fluid is found to be the 
Leyden phial. This discovery was made about 
the year 1745, by Mr. Von Kleist, dean of the 
cathedral of Camuin. He found that a, nail or a 
piece of iron wire, inclosed in aji apothecary's 
phial, and exposed to the prime conductor, had 
a power of accumulating the electric virtue, so as 
to produce the most remarkable effects ; and he 
soon after found that a small quantity of fluid 
added to it increased the p&^wer. The fact is^ 
that if glass is coated on one side with any con- 
ducting substance, that substance will accu- 
mulate live electrical matter, because it i« inter- 
cepted by the glass, and prevented from diffusing 
Itself; the form of the glass is of little conse- 
quence. * The Leyden phial or jar, as at present 
employed, is a thin cylindrical glass vessel} such 
as fig. 39, about four inches in diameter, and 
coated within and without, to within two inches 
of the top,, with tin-foil or any conducting sub- 
stance. Within the jar is a metal wire, with a 
Icnob at the top of it, which wire communicates 
with the inner coating of the jar. To discharge 
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Ac phial J a comniunication must be made (either 
by what ekctriciaiis call a conducting or dis- 
charging rod D, or any other fit instnmiei^t) be- 
tween the inner and outer coating of tbe jar. Its 
effects tnay be proved by [>lacing the phial or |ar 
(fig. 39.) on an insuk^ed stand, bringing the 
coating in contact with the conductor, and then 
turning the machine. If in this case we apply 
the discharging rod D, we shall find there will 
he no explosion, because both sides being insu* 
latcd, the phial was not charged ; but if a small 
chain is suspended from the brass knob of the 
phial, and communicates with the table, the 
phial will then be charged, and the explosion 
will be considerable. The reason of this has 
been explained before, as it was proved that the 
electrical matter is 'derived from the earth. 

The shock which is given by the Leyden phial 
is much more powerful than that from the largest 
conductor; but this power is greatly increased 
by uniting together the force of several jars, in 
what is called an electric battery (see fig. 40.). 
The bottom of the box in this apparatus is co- 
vered with tin-foil, to connect the external coat- 
ings of the jars ; and the inside coatings are con- 
nected by the wires a, i, c, d, e^f, which meet 
in the large ball above. There is a hook at the 
bottom of the box, by which any substance may 
be connected with the outside coating of the 
jars 5 and a ball B proceeds from the inside, by 
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^hich the circuit may be conveniently com- 
pleted. By the discharge of an electrical battery 
a large dog may be killed in an instant, and 
the strongest man will be knocked down and 
deprived of sensation ; a wire of some mag- 
nitude may be melted^ and most of the phaeno- 
mena of lightning are produced, but on a smaller 
scale. 
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LECTURE IX. 

EXPERIMENTAL PHELOSOPIIY. 
ELECTRICAL PHENOMENA AND GALVAHISM. 

Some of you will, I doubt not, be disposed to 
remind me, that I have neglected to explain why 
the electrical machine exhibited different effects 
when the chain, which communicates with the 
earth, was put over the prime conductor, from 
those which take place in. its ordinary mode of 
operation, when the chain was connected with 
the cushion. 

In a very early stage of the science, two kinds 
of electricity were observed, or, According to Dr% 
Franklin's theory, two different effects from the 
same cause. A ball of rosin or sealing-wax, and 
a globe of glass, when excited, will each of them 
electrify ; biU the electricity produced from each 
will differ in some of its effects. Thus, if w« 
electrify two cork balls, suspended by silken 
threads, with the same substance, either glass or 
sealing-wax, they will mutually repel each other; 
but if one of them is electrified with glass, and 
the other with sealing-wax, they will be mu- 
tually attracted. From this circumstance it was 
conjectured at first, that there were two kinds* 
of electricity, and that from glass was called the 
mtreouSf and that from resinous substances or 
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•ulphur was termed the resinoui electricity. 
Another circumstance which served to distin- 
guish them, was the different appearance of the 
electric light. A divergent cone of light, re- 
sembling a painter's brush, distinguished the 
vitreous electricity, while a single globe or ball 
of clear light was the mark of the resinous. In 
process of time, however, it was discovered that 
these different phaenomena depended rather on 
the surface than the composition of the elecirrc; 
for glass, when the smooth surface was de- 
stroyed by being ground with emerv', and being 
rubbed with a smooth body, exhibited all the 
appearances of the resinous electricity ; yet after- 
wards, when it was greased and rubbed upon a 
rough surface, it resumed its former property. . 
It was therefore concluded, upon various <£xperi- 
ments, that the smoother of two bodies, upon 
friction, exhibits the phoenomena of the vitreous 
electricity, and the ccmtrary. 

Dr. Franklin, whose theory is nowf generally- 
adopted, rejected the idea of two kiiVds of elec- 
tricity. He supposes that the electnc matter is 
^very where the same, and that all/ bodies con- 
tain a certain portion of it. Glass and those, 
substances however which are denominated elec- 
trics, he supposes, contain a large portion of the 
matter, but are not to be penetrated by it ; and 
those substances, on the contrary, which are 
called non-electrics or conductors, he regards as 
permeable, or capable of being penetrated by it. 
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When any body xoatains a superfluous quan^ 
tity of the electric fluids it is then (according to 
the Franklinean theory) electrified positive or 
plus; when it contains less than its proper share, 
it is said to be negative or electrified minus, 
that is, some, of its electricity is tak*rn from it. 
That electricity, therefore, which was before 
called the vitreous y Dr. Franklin calls positive 
electricity ; and that which was termed the resi- 
nous, he considers as negative electricity. If, 
therefore, a rough and smooth body are rubbed 
tDgeiher, the smooth body in general will have 
the positive electricity, and the rough the nega- 
tive. Thus, in the ordinary operation of the 
electrical machine, the cylinder is positively 
electrified or pliis^ and the rubber negative or 
mimis ; and the redundancy of the positive elec-' 
tricity is sent from the cylinder to the prime con-' 
ductor. This, however, is supposing the chain, 
which communicates with the earth, to be at 
the same time in contact with the rubber; for 
as the earth is the great repository of electrical 
matter, if the chain is removed, and put over 
the prime conductor, these effects will be re-* 
versed, and the prime conductor will then be 
negatively electrified ov minus, and the rubber 
will be plus or positive! 

That the electrical in^ttqr is po:$sessed of force, 
even while it proceeds in a stream imperceptible 
to our senses, is evident from an easy experi-. 
ment. To the under part of the Leyden phiaJ. 
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aa apparatus is often adapted^ as in fig. 38. It 
consists of the wire b c, and a brass fly at the 
top. While the bottle is charging the fly will 
turn round, and when it is charged it will stop. 
If the top of the bottle is touched with the 
finger, or any conducting surface, the fly will 
turn again till the bottle is discharged. The fly 
will electrify cork balls positively while the bottle 
is charging, and negatively while it is discharging. 
A similar eflect i.s observable in what is called 
the electrical bells (fig. 37.). In this apparatus 
three small bells a b c are suspended from a nar- 
row plate of metal, the two outermost a c by 
chains, and that in the middle b (from which a 
chain passes to the floor) by a silken thread. 
Two small knobs of metal d e are also hung by 
silken threads on each side of the bell, in the 
middle, which serve for clappers. Wben this 
apparatus is conneded with an electrified con- 
ductor, the outermost bells, suspended by chains, 
will be charged, will attract the clappers, and be 
struck by them ; and the clappers then becoming, 
in their turn, electrified, will be repelled by these 
bells, and attracted by that which is in the mid- 
dle, and their dectricity will be then attracted 
away by the chain which passes to the floor. 
After this the clappers will be again attracted by 
the outermost bells, and thus the ringing will be 
continued as long as the conductor is charged. 
An apparatus of this kind is usually attached to 
the conducting rods, \vhich are fixed to the 
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gable-ends of houses to protect them frotn light- 
ning, and thus serve to give notice of a thunder 
storm. 

The instrument called an electropoeter (fig. 
36.), which is commonly used for measuring 
the quantity of electricity contained in any body, 
is constructed on a similar principle. It consists 
of a perpjendicular stem L M which terminates 
in a round top L like a ball. It may be fixed in 
one of the holes of the conductor, or at the top 
of a Ley den phial. To the upper part of the 
stem a graduated semicircle is fixed, as well as 
the index, which consists of a very slender piece 
of wood, which reaches to the centre of the gra- 
duated arch, and at its extremity there is a 
small pith ball. When the body is electrified, 
the index recedes more or less from the pillar, 
and the degree is ascertained by the gradations 
on the arch. 

"Electricity accelerates the evaporation of li- 
quors and the perspiration of animals. There 
is reason also to apprehend that it. is not without 
effect upon the vegetable creation, as from some 
experiments we are led to conclude that plants 
which have been electrified vegetate earlier and 
more vigorously than those which have not been 
subjected to its influence. 

Electricity is, indeed, a most powerful agent 
in nature, and we are probably not yet ac- 
quainted with all its cfi'ects. It is, however, in 
the atmospherical phaenomena that these effects 
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are most apparent and most tremendous. It is 
to Dr. Franklin that we are indebted for the 
amazing discovery, that the cause which pro- 
duces THUNDER and LIGHTNING Is precisely ihe 
same with that which produces the ordinary 
phaenomena of electricity. 

This truly eminent philosopher was led to the 
discovery by comparing the effects of lightning 
with those produced by an electrifying machine, 
and by reflecting that if two gun-barrels when 
electrilicd will strike at t\vo inches with a loud 
re})ort, what niust be the effect of ten thousand 
acres of electrified cloud. After much thought 
upon the sulyect, he determined to try whether 
it was not possible to bring the lightning down 
from the heavens — a thought at once daring 
and sublime! With this view he constructed a 
kite^ like those which are used by school -boys, 
but of a larger size and stronger materials.' A 
pointed wire was fixed upon the kite, in order to 
attract the electrical matter. The first favours- 
able opportunity he was impatient to try his ex- 
periment, and he sent his kite up into a thunder 
cloud. The experiment succeeded beyond his 
hope. The wire in the kite attracted the elec- 
tricity from the cloud ; it descended along the 
hempen string, and was received by an iron key 
attached to the extremity of the hempen string, 
that part which he held in his hand being of 
silk, in order that the electric fluid might stop 
\vhen it reached the key. At this key he charged 
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phials, with which phials thus charged he 
kindled spirits, and performed all the common 
electrical experimems. 

Thus it is evident that the cause of those ter- 
rible convulsions of nature, which, in warm 
climates especially, are attended with such tre- 
mendous effects, is no other than a superfluous 
mass of electrical matter, collected in those im- 
mense watry conductors, the clouds ; and that 
this 'matter is discliaracd when an electrical 
cloud meets with another which is less power- 
fully charged, or when it is brought sufficiently 
near the earth to be wjthin the sphere of the 
electrical attraction. This fact may be proved 
at almost any time, but particularly in a sultry 
summer's evening, by repeating Dr. Franklin's 
experiment with tlie kite. Some caution, how- 
ever, must be used in making the experiment ; 
and it will succeed better if a small wire is 
twisted in with the hempen string by vvhich the 
kite is held ; indeed the ingenious Mr. Walker, 
in bis Lectures, recommends to fly the kite with 
vnre instead of a string, which, he observes, 
may be coiled upon a strong rod or bar of solid 
glass^ held in both hands. Sparks may, in this 
manner, be taken from the wire or string, as 
from a common electrical machine. For secu- 
rity, however, a key must be suspended by a 
wire, from that which is coiled up, so as to 
touch a half-crown, or a plate of metal lying 
on Che ground. If the key is then lifted a little 
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from the plate, a stream of fire will be seen pro- 
ceeding from the key to the plate ; but if a sen- 
sation like a cobweb on the face takes place, it 
will be prudent to throw down the glass bar, 
and leave the kite to itself. Electricity may be 
again attra(5ted from the atmosphere, if a long 
wire screwed into the knob of a Leyden bottle, 
and pointed at the extremity, is held aloft in the 
air ; and if this experiment is made in the night- 
time, when thunder and lightning are near, a 
star will appear at the point of the wire, and if 
the bottle is touched with the other hand a shock 
will be received. A man also standing upon a 
glass stool, and holding in his hand a£shing-rod 
coated with tin -foil, or any long metal instru- 
ment, aloft in the air, -will generally be more or 
less charged with electricity, in proportion to the 
state of the atmosphere, and sparks may be 
drawn from his body as if he had been electri- 
fied in the usual manner. 

Thunder storms in this country are seldom 
attended with fatal effects, yet it is desirable to 
b.e made aware of their approach. They are ge- 
nerally observed to happen when there is little 
or no wind, and are preceded by on6 dense cloud 
or more, increasing very rapidly in size, and ri- 
sing into the higher regions of the air. The 
lower surface is black and nearly level, the upper 
parts are arched and well dcHned ; sometimes 
niany of them appear piled one upon another,' 
all arched in the same manner. At the tim« 
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this cloud rises, the air is generally full of small 
separate clouds^ motionless, and of whimsical 
shapes. These gradually are drawn towards the 
thunder cloud, and when they come near it their 
limbs mutually stretch towards each other, and 
then coalesce. Sometimes, however, the thun- 
der cloud swells and enlarges without the addi- 
tion of these clouds, from its attracting the va- 
pours of the atmosphere, wherever it passes. 
When the thunder cloud is grown to a great 
size, the lower surface becomes rugged, parts 
being detached towards the earth, but still con- 
nected with the rest. About this time also il 
seems to sink lower, and a number of small 
clouds are driven about under it, in very uncer- 
tain directions. It is while these clouds are 
most agitated that the rain or hail falls in the 
greatest abundance. 

While the thunder cloud is swelling, and ex- 
tending its branches over a large tract of country, 
the lightning is seen to dart from one part of it 
to another, and often to illuminate its whole 
mass. When the cloud has acquired sufEci.ent 
extent, the lightning strikes between it and the 
earth in two opposite places. As the lightning 
continues, the cloud grows thinner, till at length 
it breaks in different places, and displays a clear 
sky. 

The clouds, however, are sometimes nega- 
tively electrified with respect to the earth, and in 
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this case tbe lightning is supposed to proceed 
from ihe earth to the cJoud : but the iniachievous 
effects are the same, and, in fact, there is re&son. 
to think that this is a rare case. 

During a thunder storm the safest place is i n 
the cellar; for when a person is below the surface 
of the earth, the lightning must strike it before 
it can reach him, and its force will therefore pro- 
bably be expeiKied on it. When it is not possi- 
ble to retreat to the cellar, the best situaticm is ixx 
the middle of a room, not imder a metal chan-> 
delier, or any other conducting surface ; and tt is 
adviseable to sit on one chair, and to lay the feet 
up upon another ; or it would be still better to 
lay two or three beds or mattresses, cue upoipi 
itnother, in the middle of the room, and pUce 
tbe chairs upon them, the matters (viz. hmv «Bd 
feathers) with which they are stuffed being noa* 
conductors. Persons in fields should prefer the 
open parts to any shelter under the trees, &c. 
The distance of a thunder cloijd, and consc'* 
quently the degree of danger, is not, however, 
difficult to be estimated. As light travels at the 
rate of seventy-two thousand four hundred and 
twenty leagues in a second of time, its effects 
may be considered as instantaneous within any 
moderate distance ; but sound, on the contrary, 
is transi;iitted only at the rate of three hundred 
and eighty yards in a second. By accurately ob- 
serving the time, therefore, which intervenes be-.. 
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l^flfeen the flash, aod the noise of thunder which 
succeeds it^ a very near calculation may be made 
of its distance. 

The discovery of Dr. Franklin, which ascer* 
tained the identity of lightning and the ekctrio 
fluid, suggested to the same philosopher the means 
of preserving buildings from lightning, by nieana 
of nietaliic conductors attached to the outside of 
high buildings. As these are now. so common, 
it is unnecessary to describe them. The princi- 
ple on which they are constructed is the well- 
known fact of metallic bodies being better con- 
ductors of the electrical fluid than any others. 
The conducting rod is pointed at the top, in or« 
der the more gradually to attract the electricity 
from the clouds and the atmosphere ; and the up- 
per part should be made of copper, to prevent its 
rusting, and the remainder should be painted* 
The conducting rod should not be too slender, 
and should extend in the earth beyond the build- 
ing, to convey the electric matter clearly away i 
' and if it terminates in a pool of water, which 
is one of the best conductors, it will be still 
safer. 

I shall conclude this lecture by a short view of 
that branch of the science (for such it is now 
universally allowed to be) which has been termed 
Galvanism. 

It was long known that common electricity 
could excite a tremulous or convulsive motion in 
dead animals; but about the year 1791 it wai^ 
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discovered that these effects could be produced 
without the aid of an electrical apparatus, and 
apparently by different means, and hence they 
were at first ascribed to a different power in na- 
ture. 

This discovery, like some others of importance 
in philosophy, was the effect partly of accident. 
Dr. Galvani (whence the term Galvanism), pro- 
fessor of anatomy at Bologna, having observed 
certain involuntary motions or contractions in 
the muscles of some dead frogs, which had been 
hooked by the back bone and suspended from 
the iron palisades of his garden, was induced 
to examine more minutely into the cause of these 
motions; and he found that he could produce them 
at pleasure, by touching the lifeless animal w»ith 
two different metals, provided the metals were 
at the same time in contact with each other. 
From later observations it appears that these 
contractions may be excited by one metal, assist- 
ed by other substances, or even without any me- 
tal whatever. The metals, however, are the most 
certain agents, but they will produce no effect 
without the intervention of some fluid which 
has a chemical action on one or both of the me- 
tals. 

The experiment may be tried upon any animal 
recently dead ; but what are called the cold-blooded 
animals, that is, those which have their blood of 
a temperature not higher than that of the atmo- 
sphere, such as reptiles and fishes, retain this 
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sensibility much longer than others ; dead frogs 
for instance will retain it for several bours^ and 
sometimes for a day or. two. 

To give the experiment proper effect some pre* 
paration is however requisite^ and as the galvanic 
influence acts principally on the nerves, it is ne* 
cessary that ^hey should be exposed to one of 
the metals i it is made most successfully on the 
hind legs of a dead frog, — To this end we have 
only to cut them off with a small bit of the spine 
attached to the nerves of tl>e thigh, as in plate X, 
fig 41, when GH are the lower limbs, thus ad- 
hering to a small piece of the spine AB, by 
means of the crural nerves CD. The legs must 
be skinned in ord^r to lay bare the muscles, and 
a smaU piece of tin-foil wrapped round the spine 
A, B. If we then hold one of the legs in our 
fingers,^and Jet the other be suspended with the 
bundle of nerves and spine hanging upon it, and 
then interpose a piece of silver, as half-a-crown, 
between the lower thigh and the nerves, so that 
it may touch the former with one surface, and 
the tin-foil which is wrapped round the spiuc 
with the other, you will find the lower leg con- 
vulsively agitated, so as even sometimes to strike 
against the hand whichholds the other. 

Living animals, when thus placed between two 
different metals which touch each other, will also 
be convulsively agitated. Or you may make the 
experiment upon yourselves in a very innocent 
way, so that the taste and even the sight may be 
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effected by it. Take, for instance, a piece of me- 
tal^ (sine is the best), and lay it on your tongue, 
and another piece of metal, as a shilling or half- 
crown under it, make the edges of the two 
metals touch, and you will immediately experi- 
ence a kind of irritation and a taste like copper 
in your mouth. If, again, in a dark place one of 
the metals is applied to your eye and the other 
up your nostril or in your mouth, upon bringing 
the metals in contact a faint flash of white 
light will appear before your eyes. Nay the same 
effect will be produced, and, the light will still 
appear, if one of the pieces of metal is put up 
your nostril, and the other upon the tongue 5 of 
even if one is put between the upper lip and the 
gums, and the other on the tongue; only re- 
marking that the metals must be different — siU 
vcr and zinc are the best for the purpose. 

These experiments have served to explain many 
facts which were well known, but the reason of 
which was not before discovered. It had been 
long observed that porter and malt liquors have 
a different and a pleasanter taste when drunk out 
of metal than out of glass or earthenware ; and 
on the contrary that water out of a metallic cup 
has a disagreeable and metallic taste; these effects 
are now known to be owing to a slight galvanic 
shock, such as is experienced by placing the 
tongue between two metals in contact. 

Mixtures of metals have been long known to 
corrode each other, while pure metals have re* 
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noalned unchanged ;— thus the Etruscan inscrip* 
tions engraven on pure lead are preserved to this 
lime, while medals of lead and tin of no great 
antiquity are much defaced. The copper sheath- 
ings of vessels when fixed on with iron nails 
become very soon corroded, and I believe it is 
now customarv to fix them to the bottoms with 
copper nails* These effects are owing to the ac- 
tion of the metals on each other, or rather on the 
moisture which is interposed^ which, being de- 
composed by the action of the metals, is sepat- 
rated into its constituent parts (oxygen and hy- 
drogen), and one or both of ihe metals become 
oxidated^ rusted, or corroded. 

The conductors of electricity are also conduct- 
ors of Galvanism :— these are divided into two 
classes ; the dty, such as metallic substances and 
charcoal ; and the wet, as water and certain other 
fluids. 

The Galvanic influence cannot be powerfully 
excited without a combination of three conduct- 
ors, two of one class and one of another. When 
two of the three bodies are of the first class (as 
. two metals, zinc and silver, or zinc and copper 
with water or an acid), the combination is said to 
be of the first order. But it is an indispensable 
requisite that one of the three conductors should 
have a chemical action on one or both the otherst 
thus water, as containing oxygen^ has an action 
on the metals; if it is impregnated with oxygen 
gas its action is incrt^ased^ and much more pow<> 
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erful than that of water deprived of air by boil- 
ing ; and if a small quantity of any of the 
mineral acids is ad^ed the effect will be still 
greater. Thus the agitation or excitement occa- 
sioned by the action of an acid principle is the 
source of Galvanism, as the excitement occa- 
sioned by friction is of electricity. 

Yet it will appear by an easy experiment that 
the Galvanic influence has a powerful agency in 
directing and increasing this chemical action. A 
glass tube (fig. 4S.) about 4 inches long has its 
extremities completely stopped by two corks, A, 
and B. An oblong piece of zinc, CD, is thrust 
through one of the corks, and. projects within 
and without the tube. In the other cork is fixed 
a silver wire projecting with the extremity F, 
within the tube, while its other extremity is bear 
$0 as to come near the projecting part of the 
zinc C. If then the tube between the corks is 
filled with water impregnated with a smaH <juan- 
tity of muriatic acid, the zinc will be immedi- 
ately acted upon by the diluted acid, and bubbles 
of gas will be seen to proceed from it, but the 
silver wire EF remains untouched. If then vou 
bend the silver wire FG so that its end may 
touch the zinc at C, you will find not only that 
the fluid acts more strongly upon the zinc at D, 
but tliatthe silver atF.is also strongly acted upon, 
as appears by the evolution of gas, &c. This is 
what is called a galvanic circle, and this circle is 
completed, in the technical language of this sci- 



Galvanism. 121 

ence by bringing the silver wire in contact with 
the zinc ai C« 

The effects from simple galvanic circles, and 
the analogy between the phsenomenaof galva- 
nism with these of electricity, suggested the idea 
of extending the combinations, and forming what 
are now called galvanic batteries. The first and 
simplest of these were formed of round pieces of 
zinc and silver with pieces of cloth or leather 
rather smaller and moistened with water or dilu- 
ted acid, interposed in the manner of fig. 43> 
where the silver, zinc and wet cloth are marked by 
the letters SZW. This was at first called the 
galvanic pile, from its form. 

The most convenient form for a galvanic bat- 
tery, however, was soon afterwards found to be that 
represented in fig. 44. It consists of an oblong 
vessel or trough of baked wood of different sizes, 
according to the strength of the intended battery. 
In the sides of the trough there are grooves, in 
each of wlych are placed a double metallic plate, 
commonly of zinc and copper soldered together, 
thus dividing the whole of the trough into a 
number of distinct cells, -so cemented that no fluid 
can pgiss from oqe to another. The cells are af- 
terwards filled with water (to which at present a 
small quantity of nitric or muriatic acid is added 
^ to increase its action on the surfaces of the two 
metals thus presented to it in each cell) : two or 
more of these batteries may be joined by connect- 
ing them with a piece of wire, 
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My when the battery is thus charged and the 
diluted acid begins to act, you apply a finger of 
each band (a little moistened, the better to con- 
duct the electricity^ to each extremity of the 
trouirh, a shock will be felt such as that com- 
muni Gated by a Leydcn phial, in proportion 
to the extent of ihe battery. The mode of ap- 
plying its power to other purposes is as follows: 
ACDEF is a wire which communicates with 
the last plate of the batter)' at A. BKIHG is 
another wire which communicates with the last 
plate at B. DEHI are two glass tubes through 
which these wires pass to enable the operator to 
direct the ends of the wires without drawing off 
the electricity. If a thin metallic body, as gold or 
silver leaf, or tin -foil, is placed between the ends 
or extremities of the wires, it will be melted ; 
gunpowder will be exploded, or combustible 
bodies will be set on fire ; the muscles or limbs 
of dead animals will also be convulsively agi- 
tated. 

To prove that the agency of electricity and 
galvanism is essentially the same, it is only neces- 
sary to mention that a common coated jar, or 
even an electrical battery, may be almost instan- 
taneously charged from a galvanic battery. It is 
however to be remarked that the electrical virtue 
seems to be more diftused, but more. permanent, 
in a galvanic, and more concentrated in a common 
electrical battery. 

The electrical virtue is not confined to the sub- 
4 
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stances we have already specified. * In the mine- 
ral kingdom^ the tourmalin, a stone found in tlve 
East Indies, by being merely heated, exhibits most 
of the 'electrical phsenomena. 

In the animal kingdom it has long been 
known that rubbing the back of a cat will pro- 
duce sparks in the dark. But however this ef- 
fect may be deemed superficial, and attributed to 
the hair, there are some other animals which 
have this virtue more extensive and more power- 
fiil. The torpedo, a kind of ray, communicates 
a strong shock when touched, and the shock is 
greatly increased by touching it with both hands, 
and thus completing the circle. The gymnotus, 
or electrical eel, found in the rivers of Guiana, 
possesses the same power, but in a superior de- 
gree. It seems also to depend on the will of the 
animal. The electric organs both in this and 
the torpedo, each of which is furnished with a 
pair, bear a strong resemblance to the galvanic 
trough or battery. 
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LECTURE X. 



EXPERIMENTAL PHILOSOPHY. 



LIGHT. 

In considering the nature of light, a difficulty 
presents itself similar to that which occurred with 
.respect to the electrical fluid. Some philosophers 
have been disposed to consider the matter of light 
as essentially difTerent from elementary fire, while 
others have regarded them as intrinsically the 
same matter^ only exhibited in different states. A 
late writer on these subjects determines that light 
is diluted JU'Cy that is, fire weakened and diffused, 
as spirits when mingled with water ; and another 
terms it fire in a projectile state, that is, its 
particles are separately projected, and, in truth, 
at an immense distance from each other, whereas 
in culinary fire it is collected and condensed. It 
is a circumstance which not a little favours this 
latter. opinion, that light may be collected and 
condensed by what is called a burning-glass, so 
as to burn like the fiercest flame. On the con- 
trary, flame itself may be so diluted or diffused 
as to be perfectly innoxious. '* The flame," 
says Dr. Goldsmith, ^' which hangs over burn- 
ing spirit of wine, we all know to scorch with 
great power ; yet these flames may be made to 
shine as bright as ever, yet be perfectly harmless. 
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This Is done by placing them over a gentle fire, ^ 
and leaving them thus to evaporate in a close 
room without a chimney: if a person should 
soon after enter with a candle, he will find the 
whole room filled with innoxious flames. The 
pans have been too minutely separated, and the 
fluid, perhaps, has not force enough to send 
forth its burning rays with sufficient eflPect." 

It is not, however, the intention of these lec- 
tuies to involve you in the intricacies of theory, 
or to pursue speculative inquiries at the expense 
of useful facts. It will be more profitable to 
detail and explain the properties of light than to 
waste our time in conjectures on its essence. The 
most remarkable properties of light, then, are, 
first, its velocity ; secondly, its rarity ; thirdly, 
its force or momentum ; fourthly, the property 
of being always detached in straight lines ; fifthly, 
refraction ; and^ sixthly, the reflexion of light. 

T. The velocity of light is such as may well 
astonish the inexperienced student, when he is 
told that in the very short space of a moment a 
ray of light travels the immense extent of one 
hundred and seventy thousand miles* The man- 
ner in which the velocity of hght is calculated 
is not less ingenious than the discovery is surpri- 
sing. It was by observing the eclTpses of Jupi- 
ter's satellites, and it will be amusing to you to 
observe the process by which the calculation is 
accomplished. When the earth, in going its an- 
nual revolution round the siin, is at C, (plate 
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XI. fig. 45) an eclipse is observed of a satellite of 
Jupiter, which thus regularly suffers eclipseS 
every forty- two hours and a half. If the earth 
never left C, but continued there immoveable, we 
should regularly see the, satellite eclipsed at the 
expected interval oT forty-two hours and a half; 
and also at thirty times that number the specta- 
tor would see thirty eclipses. But the earth is not 
fixed; it travels onward to D, and a spectator 
does not see thirty eclipses in the stated period, 
and not till some minutes after ; for the further 
off the earth removes, the light takes so much 
more time to travel across the annual orbit from 
C to D. From C to D it takes up about sixteen 
minjites in travelling. Now the sun is nearly 
half-way between C and D, and therefore the ' 
light travelling from him must perform its jour- 
ney in half sixteen, that is, in eight minutes, 
or thereabouts. 

Such is the rapidity with which these rays are 
darted forward, that, a journey they perform 
thus in less than eight minutes, a ball from the 
mouth of a cannon would not complete in oc i w > 
'^at w ce k » > But here it may be said. If the veto- 
city of the light is so very great, how is it that 
it does not strike against objects with a force 
equal to its swiftness ? If the finest sand *(the 
objector may continue to observe) was thrown 
against our bodies with the hundredth part of this 
velocity, each grain would be as fatal as the stab 
9f a stiletto : How then is it, that we expose;^. 
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Avithout pain, not only other parts of our bodies 
to the incursions of light, but our eyes, which 
are a part so exquisitely sensible of every im- 
pression ? To answer this objection, experiment 
will inform us, that the minuteness of the parts 
of light is still several degrees beyond their ve- 
locity ; and they are therefore harmless, because 
so very small. A ray of light is nothing more 
than a constant stream of minute parts still flow- 
ing from the luminary, so inconceivably little, 
that a candle, in a single second of time, has 
been said to diffuse several hundreds of piillions 
more particles of light, than there could be grains 
in the whole earth, if it was entirely one heap of 
sand. The sun furnishes them, and the stars also^ 
without appearing In the least to consume by 
granting us the supply. Musk, while it diffuses 
its odour, wastes as it perfumes us; but the ' 
sun's light is diffused ina widq sphere, and seems 
inexhaustible. 

That the motion of light is inexpressibly rapid 
you may easily convince yourselves, by only 
giving attention to the firing of a cannon at a 
considerable distance, and observing the time 
that elapses between your seeing the flash and 
hearing the sound. It has been calculated by 
some very accurate experiments, thai sound travels 
at the rate of one thousand one hundred and 
forty-two feet, or three hundred and eighty yards 
in a moment or second of time; and if you re- 
mark, as was before observed;! the time which 
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intervenes between your seeing the flash zrkd 
hearing the noise of the cannon, you will soon, 
perceive how infinitely more rapij light must be 
in its motions than sound. 

II. It is a principle in mechanics, that the 
force with which all moving bodies' strike is ia 
proportion to the size of these bodies, or the 
quantity of matter which they contain multiplied 
by the velocity with which they move. Now if 
we consider the amazing velocity of light, it is 
evident, that if the separate particles of it were 
not infinitely smaller than we can conceive^ they 
would be destructive in the highest degree. To 
illustrate this by a plain example : A few grains 
qf shot, fired out of a musket or fowling-piece, 
will deprive a large animal, or even a man, of hfe* 
How is this ? If the shot was thrown by the 
hand it would hurt neither the man nor the ani- 
mal. It is. the velocity, the swiftness, with 
which it is impelled by the force of the powder, 
that enables it to penetrate solid substances. Now 
it has been demonstrated that light moves at the 
astonishing rate of two millions of times faster 
than a can non-ball ; and consequently if the 
particles of light were only equal in size to the 
two millionth part of a grain of sand, we should 
be no more able to stand their force than we 
should that of sand shot point blank from the 
mouth of a cannon. How infinitely small must 
these then be, when it is more than probable 
they are not equal to half that size^ that is^^ not 
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equal to the four millionth part of a grain of 
sand ! What an idea does this give us of the > 
works of our infinite Creator, and how little must 
we seem in our own eyes ! O Philosophy, it is 
thou alone that canst teach mankind humility ! 

But we have other proofs not less decisive than 
this, of the extreme minuteness of the particles 
of light. When we observe with what facility 
they penetrate the hardest bodies, glass, crystal, 
precious stones, and even the diamond itself, 
through all which they find an easy passage, or 
those bodies could not be transparent. How ex- 
tremely small must these-particles be ! When a 
candle is lighted, if there is no obstacle to ob- 
struct its rays, it will fill a space of two miles 
round, with luminous particles in an instant of 
time, and before the least sensible part of the 
substance is lost by the luminous body. Nay, 
how small must the particles of light be, when 
they pass without removing the minutest parti- 
cles of microscopic dust that lie in their way, and 
even these minute particles are rendered visible, 
by retiecting back the particles of light that strike 
agllinst them 1 

Small as the particles of light are, it is no less 
surprising to find that, though diffused through 
all space, they are separated from each other at 
the distance of at least a thousand miles. This 
is a matter of calculation, and the proof is as fol- 
lows : It is a very clear fact, that the efiect of 
light upon our eeys is not instantaneous, but 
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that the impression remains for some time, Yoa 
may easily satisfy yourselves of this, by shutting 
your eyes after having looked for some time oa 
a candle, a star, or any other luminous body, 
when you will perceive that a faint picture will 
remain of the object b>T some time. The small- 
est divisign of tinw, then, that we can well 
conceive, will be the one hundred and fiftieth 
part of a second. If, therefore, one lucid part 
of the sun's surface emits one hundred and fifty 
particles of light in a second of time, we may 
conceive that these will be amply sufficient to af- 
ford light to the eye without any intermission. 
You will remember, then, that light travels at 
the rate of about one hundred and seventy thou- 
sand miles in a second; so that, the sun emitting 
one hundred and fifty particles in that space of 
time, each particle must be more than one thou- 
sand miles distant from the other. Indeed it is 
reasonable to suppose that they must be at great 
distances asunder, or they could not ^ass so 
continually as they do in all directions, without 
interfering with each other. Possibly the degree 
of splendour with which different objects of sight 
may appear, will be found to depend upon the 
number or quantity of luminous particles emit- 
ted or reflected from them ; but if we even sup- 
pose three hundred particles of light emitted from 
any lucid point in a second, still these particles 
will be niore than five hundred miles distant from 
each other. 
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If, in fact, light was not thus thinly cliflTusecl, 
it must be extremely injurious to our organs, 
since we find that when it is condensed or com- 
pressed, as in the focus of a burning-glass, there 
is no substance that can withstand its force. 
Gold, when exposed 4o \{\ influence, is instantly 
melted, and even the diamond itself, which 
resists a very intense chemical heat, is suddenly 
dissolved. To show, however, still more deci- 
sively, that the particles of light are naturally in 
this extremely rare or diffused state, or, iii other 
words, follow each other at an immense di- 
stance, it is a well-known fact that the rays of 
light, even when collected in the focus of the 
strongest burning-glass, will not inflame spirit 
of wine, or any other combustible matter, while 
they merely pass through it. To make you com- 
prehend this fact more clearly, I must observe, 
that whatever light passes through is called ame- 
dium^ and those substances which do not reflect 
the rays, but which may be seen through, are 
called transparent ; those, on the contrary, which 
intercept or reflect the rays, are called opaque. 
Now a phial bottle in which spirit of wine is 
contained is a transparent medium, and in that 
state the spirit will not be set on fire ; if, on the 
other hand, the spirit is poured forth into a 
spoon, or any opaque vessel, which, in fact, 
intercepts the rays of light, stops them in their 
progress, and thus collects then in a mass, it 
will immediately be inflamed. This, I think. 
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proves to demonstration that4he particles of light 
must follow each, other at a great distance, and 
that they must be in the first place compressed 
together by the force of the burning-glass, and 
then stopped and condensed by an opake body, 
to enable them to produce a considerable degree 
of heat. 

That light may be exceedingly diluted, as well 
as condensed, we may easily perceive j for the 
light of the glow-worm, of rotten wood, and of 
what are called the solar phosphori, can never be 
condensed by any burning-glass, so as to pro- 
duce the slightest degree of heat. The experi- 
ment has also been made with the light of the 
moon, and that has been found too faint and 
rare to be condensed into a burning focus. 

The principle upon which the rays of light are 
collected in the focus of a burning-glass will be 
explained hereafter, when we treat of lenses, 
and of mirrors. But I do not wish to pass over 
my thing that 1 mention, without an attempt to 
ender it clear to your comprehension. I men- 
tioned the solar phosphori, of which it is pro- 
bable that very few of you have -heard before. 
They are certain substances which, when ex- 
posed for a little time to the strong rays of the 
sun, are found to imbibe a large quantity of light, 
so that they will shine, or appear luminous, if 
immediately carried into a dark place. The 
most remarkable of these is the Bolognian phos- 
phorus. It was accidentally discovered by a 
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shoemaker of Bologna. This man had collected 

together sonae stones of a shining appearance at 

the bottom of Mount Peterus, and being in 

quest of some chemical secret, (probably the 

philosopher's stone, which was to turn every 

thing into gold,) he put them into a crucible to 

calcine them, or reduce them to the state of a 

cinder. Having taken them out of the crucible, 

they were exposed to the light while he was 

examining them, and afterwards he happened to 

carry them into a dark place, probably to throw 

them away; when, to his 'utter surprise, he 

observed that they possessed a self-illuminating 

power. Baldwin, of Misnia, another chemist, 

observed some time after, that chalk, dissolved 

in aqua fortis, (after the aqua fortis had been 

evaporated by heat, and the matter reduced to a 

perfectly dry state,) exactly resembled the Bo- 

lognian stone in its property of imbibing light, 

and emitting it after it was brought into the 

dark, whence it has been termed Baldwin's 

phosphorus. In truth,- the same effect may be 

produced from calcined oyster-shells, and from 

all the varieties of that mineral called ponderous 

spar, of which the Bolognian phosphorus is a 

species. Diamonds also, and some emeralds, 

and other precious stones, will emit light when 

carried out of a light into a dark place. The. 

light emitted by these phosphori always bears 

an analogy to that which they have imbibed. In 

general it is reddish j but when a weak light only 
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has been admitted to tbem^ or when it has been 
received through white paper, the light which 
they give out is pale or whitish. 

III. Notwithstanding the rarity of light, how- 
ever, and the smallness of its particles, it is. not 
destitute of force or momentum. To prove this, 
a most ingenious experiment was made by the 
late Mr. Mitchell. He construcied a small vane 
in the form of a common weathercock, of a verv 
thin plate of copper, about an inch square, _and 
attached to one of the finest harpsichord wires, 
about ten inches long, and nicely balanced at 
the other end of the wire by a grain of very 
small shot. The vaoie was supported in the 
manner of the needle in the common mariner's 
compass, so that it could turn with the greatest 
ease; and to prevent its being affected by the 
vibrations of the air, it was enclosed in a glass 
case, or box. The rays of the sun were thrown 
upon the broad part of the vane, or copper plate, 
by a burning-glass of two feet diameter, in con- 
sequence of which it was observed to move re- 
gularly at the rate of about one inch in a second 
of time. Upon this experiment a very curious 
calculation is founded. The instrument or vane 
weighed about ten grains, and the velocity with 
which it moved was at the rate of one inch in a 
second. The quantity of matter therefore con- 
tained in the rays of light which struck against 
the vane in that time amounted to about the 
twelve hundred niillioiith part of a grain : the 
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Telocity of light exceeding the velocity of the 
instrument in about that proportion. The light 
in this experiment was collected from a surface 
of about three square feet, and as it was from a 
concave mirror*, only half the quantity was re- 
flected. The quantity of light therefore incident 
upon a square foot and half of surface, is no 
more than one twelve hundred millionth part of 
a grain. But the density of the rays of light at 
the surface of the sun is greater than at the 
eaTth, in the proportion of forty -five thousand 
to one. From one square foot of the sun's sur- 
face, therefore, there ought to issue, in the space of 
one second, one forty thousandth part of a grain 
of light to supply the comsumption. More than 
two grains a day therefore is expended from the 
sun's surface, or six hundred and seventy^pounds 
in six thousand years, which would have shorten- 
ed his diameter about ten feet, if it was formed 
of matter of the density of water only. From 
all this you will conclude that I adopt the com- 
mon theory, that the sun is the great source of 
light I and if his diameter is rightly calculated 
(of which there can be no doubt) at eight hun- 
dred and seventy-eight thousand eight hundred 
and eight miles, we sfee there is no ground for 
any apprehensions that the sun will speedily be 
exhausted by the waste or consumption of light, 

« 

* Mirrors or looking-glasses reflect only half the light that 
iallt on them. 
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IV. Another principle to which Lproposed to 
call your attention is, that light always moves in 
straight lines. This is evident from an experi- 
inent which any person may easily make, viz, 
that of looking through a bent tube, when no 
light whatever will be apparent. As a further 
proof it is only necessary to mention, that when 
light is intercepted by any intervening body, the 
shadow is bounded by straight lines. 

It is generally supposed, according to this 
principle, that' those bodies only are transparent 
whose pores are such as to permit the rays of 
light to pervade them in a rectilinear direction ; 
and they act like a straight tube, which allows 
them a free passage ; and those bodies are opake 
whose pores are not straight, and which there- 
fore intercept the rays, like the bent tube already 
mentioned. 

If the rays of light proceed in straight lines, it 
is obvious that they must be sent from every 
visible ^bject in all directions. It is however 
only by those rays, which enter the pupil of our 
eye, that they are rendered visible- to us ; but,, 
beipg sent in all directions, it is evident that 
some rays from every part must reach the eye. 
Thus the object ABC (pi. XI. fig. 46,) is rendered 
visible to an eye in any part, where the rays Aa, 
Ab, Ac, Ad, Ae, Ea, Bb, Be, Bd, Be, Ca, Cb^ 
Cc, Cd, Ce, can come ; and these affect our 
sight with the sense of different colours an4 
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shades^ according to the properties of the body 
from which the light is reflected, as will be ex- 
plained when we come to treat of colours. 

Of the refraction and reflection of light I shall 
hereafter treat more at large; but, in the meai> 
time^ it will greatly facilitate the study of optics, 
if you will carefully peruse, and still more if you 
will commit to memory, the following principles 
and definitions : they are extracted from the Eco- 
nomy of Nature. 

1. Light is a matter, the particles of which 
are extremely small, which, by striking on our 
visual organs, gives us the sensation of seeing. 

2. The particles of light are emitted from what 
are called luminous bodies, such as the sun, a 
fire, a torch, or candle, &c. &c. r it is reflected or 
sent back by what are termed opake bodies, or 
those which have no power of affording light in 
themselves. 

3. Light, whether emitted or reflected, always 
moves in straight or direct lines, as may easily 
be proved by looking into a bent tube, which 
evidently obstructs the progress of the light in 
direct lines. 

4. By a ray of light is usually meant the least 
particle of light that can be either intercepted or 
separated from the rest. A beam of light is ge- 
nerally used to express something of an aggregate 
or mass of light greater than a smgle ray. 

5. Parallel rays 2SG such as proceed equally 
distant from each other through their whole 
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course. The distance of tlie sun from the earth 
is so immense, that rays proceeding from the 
body of that luminary are generally regarded as 
parallel. 

6. Converging rays are such as, proceeding 
from any body, approach nearer and nearer to 
iCkch other, and tend to unite in a point. The 
form of rays thus tending to a union in a single 
point has been compared to that of a candle-ex* 
tinguisher ; it is in fact a perfect cone. 

7. Diverging rays are those which, proceed- 
ing from a point, continue to recede from each 
other, and exhibit the form of an inverted cone. 

8. A small object, or a small single point of 
an object, from which rays of light diverge or 
indeed proceed in any direction, is sometimes 
called the radiant^ or radiant point, ^ 

9. Any parcel of rays, diverging from a point, 
considered as separate from the rest, is called a 
pencil of rays. 

10. Tht focus of rays is that point to which 
converging rays tend, and in which they unite 
and intersect or cross each other. It may be 
considered as the apex or point of the cone ; and 
it is called the focus (or fire-place), because it is 
the point at which burning-glasses burn most 
intensely. 

11. The virtual or imaginary focus is that 
supposed point behind a mirror or looking-glass, 
^<rhe^e the rays would have naturally united^ had 
they not been intercepted by the mirror* 
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12. Plane mirrors or speculums are those re- 
flecting bodies, the surfaces of which are per- 
fectly plain or even, such as our common look- 
ing-glasses. Convex and concave mirrors arc 
those the surfaces of which are curved. 

13. An incident ray is that which comes from 
any body to the reflecting surface 5 the refiectei 
ray is that which is sent back or reflected. 

14. The an^e of incidence is the angle which 
IS formed by the line which the incident ray 
describes in its progress, and a hne drawn per- 
pendicularly to the reflecting surface ; and the 
cbfigle of reflection is the angle formed by the 
sime perpendicular and the reflected ray. Thus, 
in fig. 47, AB is the reflecting surfactr, CG is 
a line drawn perpendicularly to that surface^ e i» 
a ray of light incident at G, and reflected to fi 
and the angle GCe is evidently equal to the 
angle GC/. 

15. By a medium^ opticians mean any thing 
which is transparent, such as void space, air, 
water, or glass, through which consequently th© 
rays of light can pass in straight lines. 

16. The refraction of the rays of light is their 
being bent, or attracted out of their course iu 
passing obliquely from one medium to another 
of a different density, and which causes objects 
to appear broken or distorted when part of them 
is seen in a different medium. It is from this 
property of light that a stick, or an oar, which i& 
partly immersed in water, appears broken. 
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1 7. A km is a transparent body of a different 
density from the surrounding medium, com- 
monly of glass, and used by opticians to collect 
or disperse the rays of light. They are in gene- 
ral either convexy that is, thicker in the middle 
than at the edges, which collect and, by the force 
of refraction, converge the rays, and consequent- 
ly magnify ; or concave, that is, thinner in the 
middle than at the edges, which by the refrac- 
tion disperse the rays of light, and diminish the 
objects that are seen through them. 

18. Vision is performed by a contrivance of 
this -kind. The crystalline humour, which is 
seated in the fore part of the human eye, imme- 
diately behind the pupil, is a perfect convex lens. 
As therefore every object is rendered visible by 
beams or pencils of light which proceed or di- 
verge from every radiant point of the object, 
the crystalline , lens collects all these diver- 
gent rays, and causes them to converge on the 
back part of the eye, where the retina or optic 
nerve is spread out ; and the points where each 
pencil of rays is made to converge on the retina, 
are exactly correspondent to the points of the ob- 
ject from which they proceed. As, however, 
from the great degree of convergence which this 
contrivance will produce, the pencils of light 
proceeding from the extreme points of the ob- 
ject will be made to cross each other before they 
reach the retina, the image on the retina is al- 
ways inverted. 



n 
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19. Tlie magnitude of the image painted on 
the retina will, therefore, it is evident, depend on 
the greatness or obtuseness of the angle under 
which the rays proceeding from the extreme 
points of the object enter the eye. For it is 
plain, that the more open or obtuse the angle is, 
the greater is the tendency of these rays to meet 
in a point and cross each other : and the sooner 
they cross each other, after passing the crystal- 
line lens, the larger will be the inverted image 
painted on the retina. The visual angle, there- 
fore, is that which is made by two right lines 
drawn from the extreme points of any object to 
the eye ; and on the measure of that angle the 
apparent magnitude of every visible object will 
depend. 

20. ThQ prism used by opticians Is a triangular 
piece of fine glass, which has the power of sepa- 
rating the rays of light. 



LECTURE XI. 

EXPERIMENTAL PHnX)SOPHT, 



THE REFRANGIBILITY OF LIGHT. 

The natural progress of light, we have already 
seen, is in straight lines ; yet it is found to be 
subject to the laws of attraction, as well as all 
other bodies ; and, under the impulse of that 
power, it is sometimes turned out of its direct 
course. This only happens when it passes out 
of one medium into another of a different den- 
sity, as from air into water or glass, or from 
water or glass into air; and this property of 
light is called refraction. A very easy experi- 
ment will show you what is meant by refraction; 
for, if you put one end of a straight stick into 
water, it will appear at the surface as if it was 
broken, that is, refracted^ from the Latin verb 
refrango, to break. 

It is evident that this effect can only arise from 
the rays of light being drawn or attracted out of 
their direct course ; and this I shall prove by a 
very common and a very easy experiment. Put 
a shilling, or any other conspicuous but small 
object, into a bason or other vessel, and then retire 
to such "a distance, as that the edge of the vessel 
shall just hide it from your sight. If, then, you 
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i^emain motionless while the vessel is filled with 
water, you will find that the shilling will be ren- 
dered perfectly visible, though, in fact, neither you 
nor it have changed places in the slightest degree. 
Let it be remciiibered, that it is only the rays 
which fall obliquely that are thus refracted; for a 
ray which falls perpendicularly is equally attracted 
on all sides, and therefore suffers no refraction 
at all. To illustrate this by the experiment 
which has just been mentioned. You must 
know that it is by light reflected from it to your 
eye that any object is rendered visible : you see 
the shilling in the bason, therefore, by rays of 
light which are reflected from its surface. Now 
*he angle of incidence and the angle of reflection * 
are equal ; and as you stand in an oblique direc- 
tion to the shilling, you see it, while the bason 
16 empty, by rays of light which fall upon it in a 
direction exactly as oblique as that in which your 
eye is situated towards it. The shilling, then, 
which before was hid from your sight, is rendered - 
visible by pouring in the water, because the rays 
of light, which serve" to render it then visible, 
are bent out of their course. Thus the ray of 
light, AC, pi. XTI. (fig. 48), which passes ob- 
liquely from the air into water at C, instead of 
continuing its course to B, takes the direction 
Ca, and consequently an object at a would be 
rendered visible by rays proceeding in that direc- 
tion, when they would not have touched it, 
had they proceeded in their direct course. 
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ihc contrary way, and are made to diverge. The 
former are called convex glasses^ the latter 
concave. 

The reason of this will be sufficiently evident, 
when I mention that all curves or segments of a 
circle are foniied of a number of straight liaes 
infinitely shotti and inclining to each other like 
the stones in the arch of a bridge, or the bricks 
at the top of an arched window-frame. It is 
evident, therefore, that in fig. 49, where parallel 
rays are supposed to strike a surface of this form, 
those only which enter the middle part will go 
in a straight direction, whereas those which 
strike the sides will strike them obliquely, and 
will consequently be refracted. If the surface, 
then, was a perfect curve, as in fig. 50, it is 
plain that only the ray which strikes the centre 
point of the curve will enter it in a straight di- 
rection, and consequently all the rest which 
strike it obliquely will be more or less refracted, 
according to the degree of obliquity, and will 
consequently be made to converge. 

Glasses are usually ground for optical purposes 
into seven different shapes (see fig. 51). First, 
the glass may be flat on both sides, as the com- 
mon pane of a window. No, I. Or, secondly, 
it may be flat on one side and convex on the 
other, plano-convex. No. 2. Or, thirdly, it 
may be convex on both sides, like our ordinary 
reading-glasses, No. 3. Or, fourthly, it may be 
flat on one side and concave on the other, piano- 
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concave, as No. 4. Fifthly, it may be concave 
on both sides, like the glasses near-sighted peo- 
ple generally use, as No. 5. Sixthly, it may be 
concave on one side and convex on the other^ 
like the crystal of a watch, though not in such a 
degree, as No. 6 ; this is usually called a menis- 
cus. Seventhly, it may have one side, which 
must be convex, ground into little facets, like 
those of some jewels, while the other side is plain. 
Children know it by the name of a multiplying- 
glass, as No. 7* 

The effects of these different glasses will be 
easily understood from what has been premised. 
A ray entering the plain glass. No. 1, will indeed 
be refracted by the glass, but it will suffer another 
refraction on going out of it, which will nearly rec- 
tify the former ; the place of the object will, there- 
fore, as was before stated, be a little changed, bu^t 
its iigure will remain unaltered. 

If, again, several parallel rays enter the glass. 
No. S, plain on one side and convex on the 
other, as in figure 50, they will be differently re- 
fracted, in proportion to the obliquity with which 
each of them falls upon the surface. The mid- 
dle ray, for instance, which passes perpendicu- 
larly through, will not be refracted at all, but go 
on straigiit forward. All the other rays, how- 
ever, will suffer refractiop. The ray CE, fig. 50, 
will be refracted upwards to F 3 the ray AD will 
be refracted downw.ards to the same point* 
There they will cross, and then go onward^ di* 

H 3 
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verging or separating from each other, for ever t 
that which came from the bottom going upward^ 
and that which came from the top downward. 
The figure given there is flat, but it must be 
supposed round, the glass being represented edge- 
ways. If so, therefore, the collected bundle of 
rays, passing through the glass, unite and form 
a cone, or a figure hke a candle extinguisher^ the 
bottom of which is at the glass, and the point at 
F. This point, as I once before had occasion to 
mention, is called the focus of the glass. From 
a calculation in geometry, we learn that the di- 
stance from this point is always equal to the dia- 
meter of the circle which the glass would make 
if its convexity was continued. 

When the rays of the sun fall directly upon a 
glass DE, (see fig. 52) equally convex on both 
sides, they will be refracted still more abruptly, 
and meet sooner in a point or principal focus at 
y. The distance of this focus is, we are informed 
by the same calculation, equal to the semi-dia- 
meter of the circle, which the convexity of the 
glasff continued would make. Either this glass 
or the former, as they collect the rays of the sua 
into a point, will burn at that point, since the 
whole force of the rays is concentrated there. 
The broader the glass in these instruments, the 
greater will be its power, from its collecting a 
greater number of rays. 

It is to be observed, that it Is only para.icl rays, 
or those which proceed in a direct line to the sur- 

} 
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face of the glass, tKat are thus' converged to a 
point or focus ; the rays of the sun, however, 
come from so great a distance, that they are al- 
ways regarded as parallel. Divergent rays, such 
as proceed from a point, as the flame of a.candle, 
will be refracted-parallel. If, therefore^ we place 
a candle exactly at a focal distance from one or 
both of these glasses, as atyi its rays will, upon 
going through the glass, all run parallel to each 
other. If the candle is placed nearer the glass than 
its focal distance, the rays, after passing through 
the glass^ will no longer run parallel, but sepa* 
rate or diverge : if it is placed farther off, the 
rays will then strike the glass more parallel, and 
will- therefore, upon passing through it, con* 
verge or unite at some distance behind tlie 
glass. 

After the rays have united or converged to a 
focus, they will cross each other, and form an 
inverted picture of the flame of the candle, as 
may be seen on a paper placed at the meeting of 
the rays behind. How ihe image is inverted, 
therefore, is easy to apprehend ; for the upper 
rays, after refraction, were such as came from 
the under part of the luminous body ; and the 
under rays, on the contrary, came from its top : 
so that, the rays are turned upside-down, and so 
consequently is the image. It is very pleasing to 
view a picture of this kind thus formed, each ray 
preserving the colour it had in the luminous ob* 
jcct with the utmost imitative precision. The 
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shadings of the liltle piece are far beyond the 
reach of art, and the design far more correct 
than that of the finest painter. I mention the 
candle as being an obvious luminary ; but if any 
object whatever is placed at the proper distance 
from a convex glass, its picture will be, in the 
same manner, thrown behind, and may be re- 
ceived upon paper, or any other body, in all it9 
natural proportions and colourings. The nearer 
the'natural object is to the refracting glass, the 
farther oflF will this picture be behind it ; because, 
as was said before, the rays which fofm it do not 
then converge or unite, but at a great focal di- 
stance. The farther off the natural object is, the 
neater will be the focal distance it makes, and 
consequently the nearer will be the picture behind 
the glass ; for, wherever the focus is, there will 
the perfect picture be. When however the rays 
come from several objects at a moderate distance, 
they may be considered as all parallel, and this 
difference of focus is then imperceptible. 

To put what has been said in other words. — ^As 
the rays of the sun may be all considered as fall- 
ing parallel upon every glass of the convex kind, 
so they must always unite behind it in a focal 
point. As all the rays flowing from other objects 
are not always parallel, when placed too near the 
glass, they separate after refraction, and run off 
divergent ; when placed at a proper distance, they 
unite or converge in a focal point, and there im- 
print a picture, if there is any thing properly 
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placed to receive it, in which the natural figure 
will be represented, its motions, its colours, and 
shadings. 

The whole of the preceding theory may be de- 
monstrated with a common reading-glass. If a 
candle is held so near it^ as that the rays passing 
through shall strike the wainscot of the cham- 
ber with a bright spot, just as large as the glass 
itself, the candle is then at the focal distance; 
and rays, striking the glass divergently, are refrac- 
ted through it, parallel to each other, neither 
spreading nor drawing together as they proceed, 
If thecandle is held nearer than the focal distance, 
the rays will fall then more divergent upon the 
glass, and will consequently be refracted more di- 
vergent, so thatihey will form a very broad spot 
of li^ht upon the wainscot. If the candle is placed 
at a much greater distance than the focus, th« 
rays fall upon the glass more para!lei, and conse- 
quently, when they are refracted, will tend to unite 
tind converge behind the glass, and will form but a 
small speck of vivid light on the wainscot. This 
speck, if closely examined, will appear a perfect 
picture of the candle. 

Every visible point, in any body whatever, 
may be considered as a candle sending forth its 
rays, which split and pencil out into several other 
rays before they arrive at the eye. Each body is 
as if composed of an infinite number of splendid 
points or candles, each point with its own radi- 
ance, and diffusing itself on every side.- Instead 
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of one body, the eye_, in fact, is impressed with 

thousands of radiant points sent out from that 

body, which being grouped at the bottom of the 

eye^ imprint the picture of the object whence 

they flow. ^ Each point sends forth its rays. 

It is upon this principle the camera obscura rs 

constructed. If we take a double convex crlass 

and adapt it so as to fit an hole in the windowr 

abutter of a darkened chamber, so that no light 
shall come into the room but through the glassy 

then let us place a sheet of white paper behind it 
at the proper distance, we shall thus have a ca- 
mera obscura j for a picture of every external ob- 
ject will pass through the glass, and be painted 
upon the paper in the most ireautiful colours that 
imagination can conceive, and all the motions of 
those objects also. It is necessary, in this ex- 
periment, that the window should not be opposite 
the sun ; for then we should see no image but 
that of his brightness : and yet it is ^lecessary 
also, that while we make the experiment, the sun" 
should shine and illuminate the objects stronglyj 
which are to paint themselves within. Without 
this strong illumination, the rays will be sent sa 
feebly from every object, that we shall have but 
a faint picture, if any at all. 

Painters and architects often make use of a 
similar contrivance, or portable camera obscura, to 
take a draught of landscapes or buildings : their 
glass is fixed in a box, and by means of a mirror, 
on which the diminished pictures fall, they are re- 
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fleeted upon oiled paper properly placed, upoii 
which the artist sketches his draught. With 
regard to the contours, or outlines, which this 
picture gives, nothing can be more exact j but,^ 
with regard to the shading and colouring, the 
artist can ^.xpect but little assistance jfirom it : for, 
as the sun is everymomentalteringits situation, so 
is the landscape every moment varying its shade ; 
and so swift is this succession of new shades, that, 
while the painter is copying one part of a shade, the 
other part is lost, and a new shade is thrown upon 
some other object. 

If such a glass, that is double convex, is so 
fitted to an hole in a dark lantern, that little 
pictures, painted in transparent colours on pieces 
of glass, may be passed successively along be- 
tween the glass and the candle in the lantern, we 
shall thus have a magic lantern. The pictures, 
striking the glass very divergent, will be refracted 
very divergent also, and will be painted upon the 
wall of the chamber in all their colours, as large 
as we please to make them ; for, the farther the 
wall is from the glass, the more room will the 
rays have to diverge. As these figures would be 
painted on the wall reversed, if the picture was 
held upright, it is necessary to turn them upside 
down, when we would exhibit the shadows on the 
wall erect. 

In looking through a glass of this description,, 
that is, a convex or double convex lens, the ob- 
jects which we look at will appear magnifedj: 

H 5 
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for it IS a rule in optics^ that we see every thing 
in the direction of that line in which the rays ap^ 
preach us last. When I come to treat of the eye, 
the reason of this will be explained. Suffice it 
to say for the present, that the larger the angle 
under which any object is seen> the larger will 
any object appear. The convergence of the rays 
of the convex lens, therefore, enlarges greatly 
the angle of vision, as must be evident if we 
continue the lines /D,/E,/F, and/G, fig. 52, 
in the direction to which they point, and therefore 
in proportion to the distance the appearance of 
the objects will be enlarged. The common 
spectacle-glasses and reading-glasses are of this 
description. 

The effects of the plano-concave and double 
concave lenses. No. 4 and 5, are directly op- 
posite to those of the convex lenses i for the 
thick parts of these gJasses, you see, are towards ^ 
the edge, and therefore their attractive and re- 
fractive powers are not towards the centre, but 
towards the circumference. Parallel rays, there- 
fore, striking one of these glasses are made to 
diverge, or aredispersed. Rays already divergent 
are rendered more so; and convergent rays are 
made less convergent. Hence objects seen 
through these glasses appear considerably smaller 
than they really are. To prove this, let ah (fig. 53) 
represent an arrow, which would be seen by 
the eye, if no glass was between, by the coa- 
vergent rays, m and dh 3 but if the concave lens 
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D is interposed between the object and the eye, 
the line ac will be bent towards g, and the line 
Id will be bent towards k, and consequently both 
will be useless^ as they do not enter the eye. The 
object then will be seen by the lines ao and hr^ 
which, on entering the glass, will be refracted, 
and bent in the directions oc and rrf. According 
to the rule just now laid down, therefore, every 
object is seen along the line which enters the eye 
last. The ar^^w is seen according to the angle 
cr^ which is much smaller than the angle aZ^; 
consequently it will appear considerably dimi- 
nished, and at the distance of nm. 

The spectacles which are used by near or short- 
sighted persons consist of concave lenses ; for 
the reason of short sight is, that, the form of the 
eye being too convex, the rays are made to con- 
verge before they reach the optic nerve ; and 
therefore the concave glass, causing a little diver- 
gence, assists this defect of sight. But this 
matter will be still further explained when we treat 
of vision. 

The meniscus. No. 7, is properly like the 
crystal of a common watch^ and it neither mag- 
nifies nor diminishes. Sometimes, however, it 
is made in the form of a crescent, that is, thick- 
est in the middle, and in that case it acts like a 
double convex lens. 

It is evident that all lenses, as to their surfaces^ 
whether concave or convex, are segments of dif- 
ferent circles, the radii and diameters of which. 
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may vary almost to aa infinite extent. The 
distance of the principal focus^ or focus of pa- 
rallel rays, that is, the point where all the pa- 
rallel rays meet, as the point y, fig. 52, will 
vary in different lenses, according to their re- 
spective degrees of convexity. Hence, when 
opticians speak of the radius of a lens, when 
they say it is three or six inches, they mean that 
the convex surface of the glass is that part of a 
circle, the radius (that is, half the diameter) of 
which is three or six- inches. The axis of a lens 
is a straight line drawn through the centre of its 
spherical surface. 

The principal focus, or focus of parallel rays, 
in convex lenses, is ascertained (as was before 
intimated) upon mathematical principles. It 
may however be found with sufficient accuracy 
for common purposes, by holding a sheet of 
paper behind the glass, when exposed to the 
rays of the sun, and observing when the lumi- 
nous spot is smallest, and when the paper begins 
to burn. Or when the focal length does not 
exceed three feet, it may be found by holding 
the glass ai such a distance from the wall op- 
posite a window sash, as that the sash may ap- 
pear distinct upon the wall. 
^ You will observe, that iu a double convex 
lens the rays of^ light are twice refracted ; first, 
on entering the convex surface of the dense 
medium, the glass ; and, secondly, on going out 
of the same dense medium, and entering the rare 
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medium, or the air, which, from the form of the 
g\ass, you know must present a concave surface. 
Now rays are equally converged by entering a 
convex surface of a dense medium, and a con- 
cave surface of a rarer medium. The focus of a 
double convex lens, theu, is at only half the 
distance of the focus of one which has only one 
convex surface, that is,, a plano-convex. The 
focus of a double convex lens, therefore, as 
you have already seen, fig. 52^ is the length of 
the radius, or semi-diameter of that circle, 
which is formed by the convexity of either of it^i 
surfaces. 

That branch of optics which respects the re- 
frangibility of light, is usually called dioptrics, 
from the Greek dia^ through, and optomai, tO 
see; so that il means to see through. 
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BEFLEXIBILITY OF LIGHT^ OR CATOPTRICS, 

1 HERE is no part of the science of optics more 
amusing, nor indeed more astonishing, to un* 
scientific readers, than that which regards the re- 
flection of light. How a looking-glass comes to 
reS'ect images without their touching it; how 
the whole figure of a man, si;c feet high, shall 
be seen in a glass not above three feet ; how, 
when we look at some polished surfaces,, as a 
watch-case, for instance,, a man's face seems not 
bigger than his nail ; while. If we look on other 
surfaces, the face shall be of gigantic size ; these 
are all wonders that the curious would wish to 
understand^ and the inexperienced to examine. 

The property which polished surfaces possess 
of reflecting light, is referred by Newton to the 
principle of repulsion .^ For it is justly remarked 
by him, that those surfaces, which to our senses 
appear smooth and polished, are found, when 
viewed through a microscope, to be still rough 
and uneven. It will, however, suflice for our 
purpose, in describing theefiects of reflection, if 
we consider every particle of light as^ rebounding 
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from the surface of a mirror, like a tennis-ball 
from the wall of the court. 

It is, in truth, by reflection that all objects are 
rendered visible. Even glass, crystal, and water 
reflect a part of the rays of light, or their forma 
and substance could not be distinguished ; but 
those bodies which transmit it copiously arc called 
clear or transparent, those which do not transmit 
it are termed opake. The whole of the light 
which falls upon bodies is not however reflected. 
On the contrary, it is calculated that the smooth- 
est and mo6t polished surfaces do not reflect 
' above half the light that falls upon them. Those 
bodies with polished surfaces, which reflect most 
copiously the rays of light, are called mirrars ^ 
by the antients they were made of metal, as iron, 
tin, or copper, and ex(]uisitely polished ; those 
in general use among us are made of glass, ren- 
dered opake at the back part by an amalgam or 
mixture of tin and quicksilver, or mercury, 
whence our common word looking glass is de- 
rived. Mirrors are made in various forms, plane, 
that is, with a smooth and level surface, convex, 
concave, or cylindricaL The most common are 
the plane mirrors. 

A ray of light striking perpendicularly, in a 
direct line, upon a plane mirror, is reflected in 
exactly the same direction. Those rays which 
strike it obliquely are reflected back in an op- 
posite direction, but with exactly ihe same de- 
gree of obliquity. Hence the great law of re- 
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flection is, that the angle of re/lection is exactly 
equal to the angle of incidence. This was ex- 
plained to you in the tenth lecture, fig. 47, and 
it will serve to account for all the phseuomenaof 
reflection. 

Lest you should, however, have attended to 
the maxims and definitions subjoined to that 
lecture less assiduously than you ought, I shall 
refer you to another figure. In PI. XIIL fig. 54, 
no may be considered as a ray of light striking 
perpendicularly on the surface of the mirror a bj 
and it is consequenlly reflected back in the same 
line. The ray do coming from the luminous 
body dy strikes the mirror obliquely, and is re- 
flected to the eye in the line o e, by which you 
see clearly that the angle e o n is equal to the 
angle odni in other words, the angle of re^ 
flection is equal to the angle of incidence. 

This, you will answer, is suflficiently clear; 
but how comes it that I do not see the object at 
0, since it is there that the rays strike the mir- 
ror ? and why is it that, on the contrary, the 
object appears behind the glass, and in the situ- 
ation oi sP This has been partly explained by a 
rule which I formerly laid down, namely, that 
we see every thing in that line in which the rays 
last approached us. Now an object is rendered 
visible, not by single rays proceeding from every 
point of its surface, but by pencils of rays, or 
collections of divergent rays issuing from every 
pointy as was explained in the preceding lecture. 
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These pencils of rays are afterwards, by the re- 
fractive powers of the eye, converged again to 
points upon the optic nerve, which lies at the 
back of the eye, and these points of convergent 
rays on the optic nerve are correspondent to the 
points of the objects from which the rays di-- 
verged. Now the pencils of rays strike the mir- 
ror, while they are in their divergent state 5 and 
as the angle of reflection is equal to the angle of 
incidence, they are reflected back in the same 
state, and converge exactly as they would have 
done had they not been intercepted by the mir- 
ror. As, therefore, we always see objects in 
the line in which the rays approached us last, 
the two lines, viz. that which goes from the 
object towards the mirror, and the reflected line^ 
are united in the mind of the spectator, and the 
object is consequently seen at. ^, at an eqnal 
distance behind the mirror as the object was be- 
fore it. To make this clear, however, I shall 
present you with another diagram* The lines 
D c (fig. 53.) are the lines of incidence, cB are 
the lines of reflection, ai;id these form equal 
angles on the surface of the polished mirror; so 
that all the rays coming from the object, and 
falling upon the mirror at c,. will strike the eye 
at B, and the reflected image will thus become 
visible. Now no object can be seen that does 
not lie in a straight line from the eye, or, at 
least, appear to do so. The body D, therefore, 
when it comes reflected to the eye^ will appear 
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lo lie in the straight line A A, which, since the 
angle of incidence is equal to that of reflection, 
will be exactly in the two lines Dc and cB* The 
rays, therefore, going from D to c, will seem to 
have proceeded to A, and consequently the pic- 
ture will be there. For, as the rays have diverged 
in going from the object at DD, and difiused 
themselves upon the surface of the glass, they 
will be again converged into an equal focus, by 
the time they arrive at B b, and they will there* 
fore paint the object at A A. 

Hence we may learn, that if a man sees hi*, 
whole image in a plane looking-glass, the part 
of the glass ihat reflects his image is but one- 
half as long and one- half as broad as the man. 
For the image is seen under an angle, as large aft 
the life ; the reflecting mirror is exactly half-way 
between the image and the eye, and therefore 
must make but an angle half as large as the 
image, or, in other words, it is just half as large 
AS the image which is of the same size with the 
man. Thus the man AB (see fig. 56) will seethe 
whole of his own image in the glass CD, which 
is but half as large as himself. His eye, at A„ 
will see the eye of the image at an equal distance 
behind the glass at E.. His foot at B will, send 
its rays to D ; these will be reflected at an equal 
angle, and the ray will therefore seem to have 
proceeded in the direction of FDA, so that the 
man will see his foot at F; that is, he will see 
bis whole figure at £F. 



Heflexibiltty of Light • lfl3 

It is thus that plane mirrors reflect. The na- 
ture of those which are convex or concave is a 
more difEcult study, though the same law pre- 
vails with respect to them as with respect to the 
others. To understand the principles on which 
they act, it is necessary to call to your recollec- 
tion what was said in the former lecture on sphe- 
rical surfaces. All curves or arches are segments 
or pieces of circles, and may be considered as 
composed of a number of small flat planes, ly- 
ing obliquely to one another. Parallel rays, there- 
fore, striking^an object opposed to them in this 
position, will strike it more or less obliquely. 
Thus, in fig. 57) the rays a, Ij Cy dj which would 
fall perpendiciibrly on a flat surface, strike ob- 
liquely upon that which is opposed to them ; 
and, instead of being reflected parallel, are re- 
flected divergent. For the same reason conver- 
gent rays would be reflected less convergent by 
such a surface as this, and divergent rays would 
be rendered still more divergent. Fig. 58, you 
see, is the reverse of the preceding, and it serves 
very well to represent the effects of a concave 
mirror. By this you must perceive that the pa- 
rallel rays /z, J, e, dy which would have been re- 
flected parallel by a plane mirror, are made to 
converge, because, instead of striking this mirror 
in a direct line, they strike it obliquely ; and you 
may easily conceive that, by the same rule, con- 
vergent rays will be reflected still more couyer- 
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gent^ and divergent rays will be made to con- 
verge less. 

As by a mirror of the convex kind convergent 
rays are rendered less convergent, you will easily 
eomprebend why objects are diminished by it. 
By the rays being made less convergent, the vi- 
sual angle is diminished ; for, you know, we 
see every object in the line in which the rays of 
light last approached the eye. By the same rule, 
a concave mirror magnifies or enlarges the image 
of an object, for the visual angle is enlarged or 
rendered more obtuse, and consequently the 
image is magnified in proportion to the curva* 
ture of the concave surface. 

To prove what I have just now laid down with 
respect to convex mirrors, in fig. 59, « i is a dart, 
which is seen in the convex mirror erf. Now 
though rays issue from the object oi in all div 
rections, as was explained in the tenth lecture, 
Plate XI. fig. 46, yet it is seen only by means of 
those which are included within the space be- 
tween and 71, because it is only those which 
can be reflected to the eye at r. Now you will 
easily perceive that if these rays had gone forward 
in the direction in which they were proceeding, 
they would have united at p, and the object 
would have been seen of its full size. As it is, 
however, the rays are reflected less convergent 
than they were in their natural course, and the 
angle orn, being less than the angle g /;p, (he 
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image at s appears stnailer than the object^ and 
nearer to the surface of the mirror. The reason 
of this last effect has been already explained^ 
when I said that objects are rendered visible, not 
by a single ray, but by pencils of divergent rays 
proceeding from every point of the object. Sup- 
pose, therefore, G (fig, 6o) a radiant point of 
any object, from which a pencil of divergent rays * 
proceeds, and falls on the convex mirror a h^ 
These rays (agreeably to the rule laid down above, 
that convex mirrors cause divergent rays to di- 
verge still more) will be rendered more divergent, 
and will have their virtual or imaginary focus at 
gy that is, much. nearer to the surface of the 
mirror than if it was plane. 

For these reasons, a person looking at his face 
in a convex mirror will see it diminished. Thus, 
in fig. 61, though rays proceed from every part 
. of the face, it is only the rays that touch the mir- 
ror within the space between c and r that can, 
agreeably to the great law of reflection, (the 
angle of incidence being equal to the angle of 
reflection) be reflected to the eye. The rays 
c and r being therefore rendered less conyergent 
(as in the former instance in fig. 59), he will see 
the chin along the line r s, and the forehead 
aTong the line ocn^ and the angle of vision being 
thus diminished, all the rest of the features will 
be proportionably reduced. Large objects, how- 
^,ver, placed near a convex mirror, wijl not only 
appear reduced but distorted 5 because, from th6 
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form of the glass, one part of the object is nearer 
to it than another, and consequently will be re 
fleeted under a different angle. 

Convex mirrors are at present a very fashion- 
able part of modern furniture, as they exhibit a 
large company assembled in a room in a very 
small compass. Globes lined with amalgam used 
to be formerly hung up in the middle of a room, 
by which the whole company were exhibited at 
one view, seated at a dinner-table, or dispersed 
about the room. 

The phaenomena of concave mirrors are still 
different. By them convergent rays are rendered 
still more convergent, and consequently the vi- 
sual angle is enlarged. Their general effect is 
therefore to magniiy. This will be sufficiently 
exemplified by PI. XIV. fig. 62. In this, as in 
the former instance, a face is looking at itself; 
and I take the extreme of those rays which can 
be reflected to the eye, one from the forehead 
and one from the chin. These lines, a c, and 
m w, are reflected to the eye at o, which conse- 
quently sees the image in the lines of reflection, 
and in the angle odq, and therefore evidently 
magnified beyond the natural size, and at a small 
distance behind the mirror. 

This effect, however, will only take place 
when the eye is between the mirror and its prin- 
cipal focus, that is, the focus or point, where 
rays falling parillel or perpendicular on the glass, 
will unite after reflection; the point where the 
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rays of the sun (which are always coasidered as 
parallel) will unite and burn : for a concave 
mirror acts as a burning- glass^ By the great law 
of reflection the principal focus of a condave niir-. 
ror is at one-fourth of the diameter of that sphere, 
of which the concave surface is a section, which 
is therefore sometimes called the centre of con- 
cavity. At this point the rays reflected from the 
mirror are converged and cross ; and if the spec- 
tator's eye is beyond this point or focus, he will 
not see the image behind the mirror, hut before; 
it, a shadowy form, suspended in the air; but, 
from the crossing of the rays, it appears in- 
verted. 

In fig. 63, a i is a concave mirror, c d is a 
hand held up before it. The image therefore 
you see is not placed behind the mirror, as hap- 
pens in every other case, but the hand seems to 
hang .suspended in the air at rw. The reason of 
this very extraordinary and striking phaenomenon 
is to be found in what was already intimated. 
Objects are rendered visible, not by single rays, 
but by pencils of divergent ra»ys, proceeding from 
the different points of the object. If these pen- 
cils of divergent rays should happen by any 
cause to be united, the object will in that point 
cease to be visible. This happens in the focus 
of a concave mirror, where by the law of reflec- 
tion they are all united. If the eye, therefore, 
is placed in that point, it will see nothing of the 
image. It must recede to a sufficient distance to 
permit the rays to cross and again become diver- 
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gent, fii that case the image will be seen, not 
behind the mirror at the virtual or imaginary 
focus, as it is in plane and convex mirrors, but 
suspended in the air between the eye and the real 
focus> for every image is seen about that place, 
whence the pencils of rays begin to diverge. In 
plane mirrors the rays have only diverged from 
the luminous points of the object itself; and as 
the eye cannot see behind, it sees the image in 
a straight line, but joins the line of incidence 
and that of reflection together. The image there- 
fore appears at the same distance behind the glass 
as the object stands before it. In concave mirrors 
the case is entirely different ; for in them there 
is an actual focus, where the rays are converged 
to a point, and from which they begin again to 
diverge. The image is therefore seen there, but 
in an inverted state, for reasons already given. 
Thus, in fig. 63, the rays c and d go diverging 
from the two opposite points of the object ; by 
the action of the mirror they are again made to 
.converge to a point at o y, where they cross, and 
again proceed divergent to the eye. 

It will, however, render this interesting part 
of optics still clearer, if I present you with an- 
other diagram, similar in some degree to the 
preceding. In fig. 64, AcB is a concave mirror. 
The centre of concavity is at C; From the points, 
of the dart D, we suppose a pencil of divergent 
rays emitted, which you see touch the mirror at 
AcB, These rays are reflected, according to the 
general law of reflection (the angle of reflection 
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being equal to the angle of incidenccjj which is 
proved by drawing the dotted lines CA, Cc, CB, 
from the centre of concavity to the points whence 
these rays are reflected, which are therefore 
perpendi cufars to the surface of the mirror. 
The angle CArf, or the angle of reflection, you 
see, is equal to, DAC, the angle of incidence, 
j^dNgo you will find it of the rest. The reflected 
rays then, you see, converge to a point, and form 
the extremity of the dart (which is nov/ inverted) 
at d. In the same manner eyery other pencil of 
rays emitted from the object will be converged 
at or near the principal focus, and the image will 
be formed at e d. For you will perceive that if 
the rays E/^ Xg^ EA, were continued to the 
mirror, they would be reflected and converged 
at €j forming the opposite extremity of the 
dart. When the object \s further from the mir- 
ror than the centre of concavity C, the image 
will ^>e nearer the mirror and smaller than the 
object ; when the object is nearer than the xen- 
tjte of concavity, the image will then be more 
remote and larger. Thus '\i ed was the object, 
PE would be the reflected image. 

It is not many years since a person derived 
considerable emolument from exhibiting in the 
jftetropolis some optical deceptions of this/ kind 
^th concave mhrors. A ghastly apparition was 
tomethnes made to meet the ignorant spectator, 
and firom its shadowy appj^arance it was evi- 
dently nothing human ; sometimes a band was 
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held out in the air with every possible mark of 
friendship^ but when he approached to unite jt 
with his own, a drawn sword was instantly pre- 
sented to his breast, A nosegay or a piece of 
fruit was ofiered, but when be attempted to seize 
it^ a death's head snapped at him. 

I mentioned that concave mirrors were fre- 
quently used as burning-glasses^ and a curious 
experiment may be made by means of them^ to 
show that common culinary fire may be reflected 
in the same manner as the ncys of the sun. If 
two large concave mirrors are placed opposite to 
each other, as in fig. 65, at almost any distance, 
and a red-hot charcoal is held in the focus of one 
at a, and a match, or any combustible matter, 
in the focus of the other at J, the^ match, &c. 
will be presently set on fire by the reflected 
flame of the charcoal. 

You have seen, I dare say, the distorted fi* 
gures which are sometimes pahited on boards, 
a,nd exhibited in the shop-windows of opticians^ 
They look like a mere splash of a painter's brush ; 
hut when a mirror of a cylindrical or conical 
form is set in the middle of the board, a beauti- 
ful figure is reflected from it. This shows that 
what appears to be a casual dash of paint on the 
board, is, in fact, a figure drawn with the nicest 
mathematical precision. When the image is to 
be rectified by a cylindrical mirror, the linesj 
^re only extended, and, by the great law of re- 
flection, the rays from the picture are reflected 
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by the mirror less convergent^ and the figure is 
consequently rectified. A little consideration 
on this subject^ applying the principles which 
have been laid down in the course of this lee* 
tare, will easily enable you to see the theory on 
which these mirrors act^ particularly if you have 
the objects before you, without which^ indeed^ 
an infinity of words must be expended in descri* 
bing and explaining them. 
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It has already been explained^ that objects 
are rendered visible not by single rays, but 
by small bundles of rays diverging from every 
point of the object, like an inverted cone, or 
like a painter's brush or pencil, and therefaiae 
called pencils of li^ht. It has also been inti- 
mated, that these pencils of light ate, by the 
refractive powers of the eye, again made to con- 
verge upon the back part of that organ in points 
corresponding to those from which they proceed- 
ed, so as to form there a complete image of th^ 
object. In the tenth lecture^ ,iig. 46, it was 
further shown, that pencils of light are sent 
forth in all directions from.every part of a visible 
object, so that an eye, when placed in any si- 
tuation that light can travel to it from the object 
in a straight line (whether above or below, or at 
either sideA shall be able to perceive it. 

In descrjpng the nature of refraction, enough 
Jhas been said to show you, that it is the property 
of every convex glass to cause the rays of light 
to converge. In this respect the eye is Xo be 
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considered as a convex lens, constructed with 
such admirable skill by the great Author of Na- 
ture, that the rays converge to a point exactly 
in the proper place ; so that if the humours 
were otherwise disposed, even to the breadth of 
a horse-hair, the effect would be totally destroy- 
ed. But you will understand 'the subject bet- 
ter by considering the structure of thi« curious 
organ ; in describing which, I slmll adopt the 
simple bat expressive language of Mr. Fergu- 
son. 

The eye Is nearly of a globular form. It con- 
sists of three coats and three humours, (see "fig. /^ 
K) The part DHHG of the outer coat is call- 
ed the sclerotica, the rest, DEFG, the cornea. 
Next within this coat is the choroides, which 
serves for a lining to the other, and join^ 
with the iris mn, mn. The iris is that colour- 
ed circle which gives the character, as to colour, 
to the eye, and is composed of two sets of mus- 
cular fibres ; the one of a circular form, which 
contracts the hole in the middle, called the pu^ 
pit, when the light would otherwise be too 
strong for the eye; and the other of radical fi- 
bres, tending every where from the circumference 
of the iris towards the middle of the pupil ; which 
fibres, by their contraction, dilate and enlarge 
the pupil when the light is weak, in order to let 
in more of its rays. The third coat is only a 
fine expansion ot tl)e optic nerve L, which spreads 
like net-work all over the inside of the choroidesj 
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considered as a cdnvex lens, constructed with 
such admirable skill by the great Author of Na- 
ture, that the rays converge to a point exactly 
in the proper place; so that if the humours 
were otherwise disposed, even to the breadth of 
a horse-hair, the effect would be totally destroy- 
ed. But you will understand 'the subject bet- 
ter by considering the structure of this curious 
organ ; in describing which, I sliall adopt the 
simple bat expressive language of Mr. Fergu- 
son. 

The eye is nearly of a globular form. It con- 
sists of three coats and three humours, (see fig. /^ 
:^) The part DHHG of the outer coat is call- 
ed the sclerotica^ the rest, DEFG, the camea. 
Next within this coat is the ckoroides, which 
serves for a lining to the other, and joiu^ 
with the iris mn, mn. The iris is that colour- 
ed circle which gives the character, as to colour, 
to the eye, and is composed of two sets of mus- 
cular fibres ; the one of a circular form, which 
contracts the hole in the middle, called the pu^ 
pil, when the light would otherwise be too 
strong for the eye ; and the other of radical fi- 
bres, tending every where from the circumference 
of the iris towards the middle of the pupil ; which 
fibres, by their contraction, dilate and enlarge 
the pupil when the light is weak, in order to let 
in more of its rays. The third coat is only a 
fine expansion ot the optic nerve L, which spreads 
like net-work all over the inside of the choroides^ 
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considered as a cbnvex lens, constructed with 
such admirable skill by the great Author of Na- 
ture, that the rays converge to a point exactly 
in the proper place; so that if the humours 
were otherwise disposed, even to the breadth of 
a horse-hair, the effect would be totally destroy- 
ed. But you will understand 'the subject bet- 
ter by considering the structure of this curious 
organ ; in describing which, I sliall adopt the 
simple bat cxpreasive language of Mr. Fergu- 
8on. 

The eye is nearly of a globular form. It con- 
sists of three coats and three humours, (see "fig. ^^ 
>i) The part DHHG of the outer coat is call- 
ed the sclerotica, the rest, DEFG, the cornea* 
Next within this coat is the clwroidesy which 
serves for a lining to the other, and join^ 
with the iris mn, mn. The fm is that colour- 
ed circle which gives the character, as to colour, 
to the eye, and is composed of two sets of mus- 
cular fibres; the one of a circular form, which 
contracts the hole in the middle, called the pw- 
pil, when the light would otherwise be too 
strona: for the eye; and the other of radical fi- 
bres, tending every where from the circumference 
of the iris towards the middle of the pupil ; which 
fibres, by their contraction, dilate and enlarge 
the pupil when the light is weak, in order to let 
in more of its rays. The third coat is only a 
fine expansion ol the optic nerve L, which spreads 
like net-work all over the inside of the choroidesj 
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considered as a cbnvex lens, constructed with 
such admirable skill by the great Author of Na- 
ture, that the rays converge to a point exactly 
in the proper place ; so that if the humours 
were otherwise disposed, even to the breadth of 
a horse-hair, the effect would be totally destroy- 
ed. But you will understand 'the subject bet- 
ter by considering the structure of this curious 
organ ; in describing which, I sliall adopt the 
simple bat expressive language of Mr. Fergu* 
son* 

f' The eye is nearly of a globular form. It con- 
j sists of three coats and three humours, (see fig, /}, 
I r^) The part DHHG of the outer coat is call- 
I ed the sclerotica, the rest, DEFG, the cornea. 
Next within this coat is the clwroides, which 
j serves for a lining to the other, and joins 
I with the iris mn, mn. The /m is that colour- 
i ed circle which gives the character, as to colour, 
i to the eye, and is composed of two sets of mus- 
cular fibres ; the one of a circular form, which 
I contracts the hole in the middle, called the pu- 
pilj when the light would otherwise be too 
strong for the eye f and the other of radical fi- 
bres, tending every where from the circumference 
of the iris towards the middle of the pupil ; which 
fibres, by their contraction, dilate and enlarge 
the pupil when the light is weak, in order to let 
in more of its rays. The third coat is only a 
fine expansion ol the optic nerve L, which spreads 
like net-work all over the inside of the choroides. 
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considered as a cbnvex lens, constructed with 
such admirable skill by the great Author of Na- 
ture, that the rays converge to a point exactly 
in the proper place; so that if this humours 
were otherwise disposed, even to the breadth of 
a horse-hair, the effect would be totally destroy- 
ed. But you will understand 'the subject bet- 
ter by considering the structure of thi« curious 
organ ; in describing which, I sliall adopt the 
simple bat exprettsive language of Mr. Fergu* 
son. 

The eye is nearly of a globular form. It con- 
sists of three coats and three humours, (seelig, ^ /^ 
-*;) The part DHHG of the outer coat is call- 
ed the sclerotica^ the rest, DEFG, the cornea. 
Next within this coat is the choroides, which 
serves for a lining to the other, and joiui 
with the iris mn, mn. The fm is that colour- 
ed circle which gives the character, as to colour, 
to the eye, and is composed of two sets of mus- 
cular fibres ; the one of a circular form, which 
contracts the hole in the middle, called the pM- 
pil, when the light would otherwise be too 
strong for the eye; and the other of radical fi- 
bres, tending every where from the circumference 
of the iris towards the middle of the pupil ; which 
fibres, by their contraction, dilate and enlarge 
the pupil when the light is weak, in order to let 
in more of its rays. The third coat is only a 
fine exps^sionot the optic nerve L, which spread* 
like net-work all over the inside of the choroides^ 
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and is therefore called the retina ; upon which 
are painted the images of all visible objects, by 
the rays of light which either flow or are reflect- 
ed from them. 

Under ihecornea is a fine transparent fluids like 
water^ which is therefore called the aqueotis, hu- 
mour. It gives a protuberant figure to the cor* 
nea, (IDs the two cavities mm and nn, which 
communicate by the pupil P, and has the same 
refractive power as water. . Ai the back of this 
lies the crtfstalline humour Rj which is shaped 
like a double convex glass^ and is a little more 
convex on the back than the forepart. It con* 
verges the rays^ which pass through it from 
every visible object to its focus at the bottom of 
the eye* This humour is transparent like qry- 
stal) and is much of the consistence of hard 
jelly. It is inclosed in a fine transparent mem-* 
brane, from which issue radical fibres^ called the 
ligamentum ciliare^ all around its edge; and join 
\o the circumference of the iris. These fibres 
have a power of contracting and dilating occa^ 
sionally^ by which means they alter the shape or 
convexity of the crystalline humour, and also 
shift it a little backwards or forwards in the eye> 
so as to adapt its focal distance at the bottom of 
the eye to the different distances of objects; 
without which provision, we could only see those 
objects distinctly that were all at one distance 
from the eye. 

At the back of the crystalline lies the vitreous 
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humour KK, which Is transparent like glass^ and 
18 the largest of all in quantity, filltng the whole 
orb of the eye, and. giving it a globular shape. 
It is much of the same consistence as the white 
of an egg, end very little exceeds water in its re- 
' fractive power. 

As every point of an object ABC sends out 
pencils of rays in all directions, some rays, from 
every point on the side next the eye, will fall 
upon the cornea between E and F ; and by pass- 
ing on through the humours and pupil of the 
eye, they will be converged to as many points 
on the retina or bottom of the eye, and will there 
form a distinct inverted picture c6a of the object. 
Thus, the pencil of rays grs, that flows from the 
point A of the object, will be converged to the 
point a on the retina ; those from the point B 
will be converged to the point b; those from the 
' point C will be converged to the point c; and 
so on of all the intermediate points : by which 
means the whole image abc is formed, and the 
object made visible. 

That vision is effected in this manner, may be 
demonstrated experihnentally. Take a bullock'i^ 
eye while it is fresh, and having cut off the coals 
from the back part, quite to the vitreous hu- 
jOQOur, put a piece of white paper over that part, 
and hold the eye towards any bright object, and 
you will see an inverted picture of the object upon 
tlie paper. 

It has been a matter of inquiry among scien- 
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tific persons, why the object appears in an up- 
right position, while the image on the retina i& 
inverted. In truth, we .know nothing of the 
connexion which exists between the thinking 
faculty and the organs of sensation. It may^ 
however, suffice to answer the present question^ 
if we say that the mind certainly does not look 
upon the image which is painted on the optic 
nerve. That nerve is sensible of the impression 
from the rays of light t^ing reflected upon it, as 
the organs of touch feel the impression of any 
external object by coming in contact with iu 
Nor is there any reason why the miikl should 
not perceive as accurately the position of bodies, 
if the rays reflected from the upper parts of those 
bodies are made to touch the lower parts of the 
eye, as if they had been directed to the upper 
parts. Suffice it, that such a correspondence is 
established between the parts of the eye to which 
the rays are converged, and the dificrent parts 
of the object, that we do not find that persons 
blind from infancy, who have been restored to 
sight by the operation of couching, have been 
Ud into the smallest mistake as to this point. 

To very perfect sight the three humours of the 
eye appear necessary. Yet by a very bold expe«- 
riment (for such it undoubtedly was at first), it, 
is found that we can see tolerably well, even 
though one of them should be taken away, par*- 
ticularly if we assist the sight by glasses. It very 
often happens that the crystalline humour loses 
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its transparency, and thus prevents the admis- 
sion of the visual rays to the back parts of the 
eye. This disorder is called by the surgeons a 
cataract. As we know that the crystalline hu- 
mour stands edgeways behind the pupil, all 
then that we have to do, is to make it lie flat in 
the bottom of the eye, and it will no longer bar 
out the rays that come in at the pupil. A sur- 
geon, therefore, takes a fine straight awl, and 
thrusting it through the coats of the eye, he de- 
presses the crystalline humour into the bottom o£ 
the eye, and there leaves it. Or sometimes he cuts 
the coats of the eVe, the crystalline and the 
aqueous humour burst out together; in some 
hours the wound closes, a new aqueous humour 
returns, and. the eye continues to see, by means 
of a glass, without its crystalline humour. 
This operation is called couching for the cata- 
racts. Cheselden once couched a boy who had? 
been. blind from his birtk with a cataract. Being 
thus introduced, in a. manner, to a new world, 
every object presented something to please, as- 
tonish, or terrify him. The most regular fi- 
gures gave him the greatest pleasure, the darkest 
colours displeased, and even affrighted him. 
The first time he was restored, he thought he 
actually touched whatever he saw ; but by de- 
grees his experience corrected his numberless 
mistakes.^ 

The eye may be remedied when the crystal- 
line humour only is faulty 5 but when there hap- 

X. 5 
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pens to be a defect in the optic nerve^ then the 
disorder is almost ever incurable. It is called 
the gutta Serena, a disorder in which the eye is, 
to all appearance, as capable of seeing as ia the 
sound state ; but, notwithstanding, the persaa 
remains for life in utter darkness. The nerve- is 
insensible, and scarcely any medical treatment can 
restore its lost sensations. 

In the course of the preced'uig lectures it was 
necessary to mention the angle of vision. But 
you will now be able better to understand why 
an object seen under a large angle, as near objects 
are, appears larger than the same object would 
at a distance. Thus the men and women> when 
you meet them m the street, appear of (heir na- 
tural size> but if you look down upon them 
from the top of St. Paul's, they appear as small 
as puppets ; and thus if you laok from one end 
towards the other of a long and stFaighi row of 
Irees, you will see them gradually diminish, as. 
they are further removed from your eye, though 
on a near inspection you would find them all 
of an equal size. The reason of this can be no. 
longer a secret. You are already informed, thai 
rays (or rather pencils pf rays) are sent forth 
from every visible object, in all directions, some 
more and some less convergent. When you 
are near, therefore, you see the extreme points, 
of any object by pencils of rays, which converge 
or meet in an angle more obtuse than when it is 
at 4 greater distance; and as the rays cross ea^iti 
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other in the eye, a larger image is of course paint- 
ed on the retina. Thus, in PI. XV, fig. 67, the ob- 
ject ABC is seen by the eye at D, under the angle 
APC« and the image upon the retina cba is very 
large; but to the eye at £, placed at double the. 
distance, the same object is seen under the an- 
gle Ape, which is only equal to half the angle 
APC. The image cla, therefore, is only half 
as large in the eye at E as in the eye at D } and 
this will sufficiently explain why objects appear 
smaller in proportion to their distancefrom the eye. 
Observe, however^ that this proposition will ad- 
mit of some exceptions, where the judgement 
corrects the sense. Thus, if a man si)^ feet high 
(and not far distant from the spectator) is seen 
under the same angle with a dwarf two feet high 
(say at the distance of three feet from the specta- 
tor), still the dwarf will not appear as tall as the 
man, because the sense is corrected by the judge- 
ment. These exceptions will^ however, in general^ 
only take place with respect to near objects, and 
those with whose forms we are well acquainted* 

From what has been said of the structure of 
the eye, you will also perceive the causes of di- 
stinct and indistinct vision. To see an object 
distinctly, it is necessary that every pencil of di- 
verging rays, which reaches the eye from the ob- 
ject, should be converged to a point oftihe optic 
9eTve> corresponding to that from, which the rays 
have diverged. If, on the contrary, they are 
hropght la an unconyerged state to the retix^a^ 
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you may easily conceive that the particles of light 
will be so scattered and dispersed^ as to make an 
indistinct impression. This last defect takes 
place when the eye, by age or infirmity, is made 
flat, and consequently is not sufficiently convex 
to cause the rays to converge in their proper place ; 
persons with this defect can often see objects bet- 
ter at a great distance than very near. The op- 
posite fault to this is when the eye is too convex, 
when the rays will be made to unite too soon, be- 
fore they reach the retina ; persons with this de- 
fect, therefore, arc called short -sightedy because 
they can only discern objects which are very near 
to the eve. 

I have seen a very pretty contrivance in the 
shop of an optician, illustrative of the causes of 
weak and short sight. Two eyes were made of 
glass, as fig. 68 and 69> and the pencils of diverg- 
ing rays,, issuing from three points, were repre- 
sented by tlireails of silk of three difierent co- 
lours. Thus in fig. 63, which represents weak or 
indistinct vision, you see the rays are not united 
in points when they reach the back of the eye^ 
where the retina is situated; but if they were 
suffered to pass- on without interruption, would 
converge in some part behind it. On the con- 
trary, in figure 69, you see that, from the great 
convexity of the cornea, the rays are made to 
converge too soon, and, in effect, the perfect 
and distinct image ia formed in the midst of the 
vilreou§ humour, and before it reaches the retina. 
6 
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From what you have already heard of the na- 
ture of lenses, you will be able to comprehend 
that the remedy for the former of these defects, 
that is, where the eye is too flat ta cause the rays 
to converge in the proper place, is a double con- . 
vex lens, the property of which is to increase the 
convergency of rays. The focus of this glass, 
however, must be exactly adapted to the wants of 
the eye for which it is intenckd. As therefore 
the eye grows flatter from age and infirmities, , 
this will explain what is meant by ** spectacles 
for all ages ;" where the defect of sight is not 
great, as in younger persons, spectacles not very 
convex will suffice; but where the eye is very flat, 
as in old persons, glasses of a stronger magnifying 
j^wer will be required. 

On the contrary, near sighted eyes (such as 
fig. 69) being too convex, it is necessary to pre- 
vent the fiys from converging too soon, whrcl) 
can only be done by means of a concave glass, 
which rentiers convergent rays less convergent* 
This glass, however, must als6 be exactly adapted 
to the necessity of the eye, otherwise the rays will 
not converge at the proper point. 

I cannat quit this subject without noticing the 
gross stupidity of the atheist. Can any persons- 
in their senses conceive that so niee, so exqui- 
site an organ as the eye should be formed by 
chance ! That by chance the humours should be 
disposed with the most perfect mathematical 
precision, so that a mistake to the breadth of a 



18d Experimental Philosophy. . [Lecture 1 9r 

bair would be sufficient to defeat the purpose of 
vision I Yet these are the men, my young friends, 
who, without understanding any principle of any 
one science, have the impudence to call them* 
selves philosophers *! though in what their 
philosophy can consist, would require more than 
Newton possessed to be able to discover. 

There is reason to believe, that the use of 
convex glasses, both as buf-ning glasses and mag- 
nifiers^ was not unknown to the antieuts ; and^ 
in the twelfth century, Alhazen, an Arabic phi- 
losopher, treated at some length of the magni- 
fying power of these glasses. He was followed 
by our truly illustrious countryman Roger Bacon> 
who demonstrated by experiment that a small 
segment of a glass globe would assist the sight 
of old persons. Thus he may be regarded as the 
person who first discovered the theory of specta- 
cles, though they were not brought into use until 
the following century. 

The telescope was invented about the end o£ 
the sixteenth century, and the discovery is 
commonly supposed to have been casual. The 
account which is generally received. is> that 

* Why they have chosen to adopt this name no man can pos« 
sibly devise. They might as well have called themselves archie 
tects, heralds, antiqnariJamsy or by any other denomination with 
which they have no connexion whatever. Ask any of these pt^ 
tended philosophers why a convex lens causes the rays of light 
to converge, or any similar question, and you will soon see 
whether they have any pretension to the name of philoso* 
phers. 
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Ziacharias Jansen^ a spectacle-maker of Magde« 
burgh, trying the effect of a convex and concave 
glass united^' found that when placed at a certain 
distance from each other^ they had the property 
of making distant objects appear nearer to the eye ; 
but the reason of this effect \\cas not discovered 
till the time of Kepler. 

The microscope was also an invention of the 
Jansens ; and as it is rather a simpler instrument 
than the telescope^ it will serve to introduce you 
very properly to a knowledge of these kind of 
glasses. You already know that the nearer any 
body is to the eye^ the larger is the angle under 
which it will be seen ; but if placed too near, th« 
image will be confused, because the divergence 
of the rays is then too great to admit of their being 
properly converged on the retina by the humours 
of the eye. In fact, an eye which is not near 
sighted cannot discern any object clearly at a 
shorter distance than six inches ; and many 
objects are too small to be seen at that distance. 
This deficiency ia supplied by the microscope. 

The single microscope is only a small convex 
glass cd, (fig. 70,) having the object ab placed in 
its focus, and the eye at the saaf>e distance oo 
the other side ; so that the rays of each pencil^ 
flowing from every point of the object on the side 
next the glass, may go on parallel in the space 
between the eye and the glass ; and then, by en- 
tering the eye at C, they will be converged to as 
many different points on the retinaj and form a 
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large inverted picture A B upon it^ as in the 

figure. 

If, asinfig.71,whicb represents the effect of this 
microscope, the object A B is in the focus of the 
kns D E, and the eye is in the other focus F, as 
much ot the object will be visible as is equal to the 
diameter of the lens ; for the ravs AD and BE 
proceed through the extremities of the lens, and 
are united at F. Hence a maxim in optics — that 
ivken an object is placed in one focus of a lens, 
and tlie eye in the other ^ the object appears just 
twice as large as it would to the naked eye^ what- 
ever the size of the lens. For the lines FD and 
FE, if protracted as far as A and B, would form 
an image exactly twice as large. If the eye ia 
nearer to the lens than the focus, it will see the 
abject still larger; and if it is further off tbaa 
the focusj it will not see it so large. 

To find how much thi§. glass magnifies, divide 
the least distance (which is about six inches) at 
which an object can be seen distinctly with the 
bare eye, by the focal distance of the glass ; and 
the quotient will show how much the glass mag- 
nifi^es the diameter of the object. The most pow- 
erful single microscopes are very small globules o£ 
glass, which any person may make for himself 
by melting the ends of fine glass threads in the 
flame of a candle. 

The double or compound microscope consists- 
of an object-glass erf, (fig. 72,) and an eye-glass e/*. 
The small object ai is placed at a little greater 
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distance from the glass cd than its principal focus, 
so that the pencils of rays flowing from the dif- 
ferent points of the object^ and passing through 
the glass^ may be made to converge and unitean 
as many points between g and h, where the image 
of the object will be formed : which image is 
viewed by the eye through the eye-glass ef. For 
the eye-glass being so placed that the image gh 
may be in its focus, and the eye much about the 
same distance on the other side, the rays of each 
pencil will be parallel, after going out of the eye* 
glass, as at e snd/, till they come to the eye at k^ 
where they will begin to converge by the refrac- 
tive power of the humours ; and after having 
crossed each other in the pupil, and passed 
through the crystalline and vitreous humours, 
they will be collected into points on the retinaj 
and there form the large inverted image AB.. 

The magnifying power of this microscope is 
as follows. Suppose the image gh to be six times 
the distance of the object ab from the object-glass 
cd ; then will the image be six times the length 
of the object : but since the image could not be 
seen distinctly by the bare eye at a less distance 
than six inches, if it is viewed by an eye-glass efy 
of one inch focus, it will be brought six times 
nearer the eye j and consequently viewed under 
an angle six times as large as before ^ so that it 
will be again magnified six times ; that is, six 
times by the object-glass, and^six times by tha 
cye-glasa, which multiplied into one another 
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make thirty-six times ; and so much is the ob« 
ject magnified in diametef more than it ap- 
pears to the bare eye; and consequently thirty- 
six limes thirty-six, or one thousand two hun- 
dred and ninety-six thnes in surface. 

llie solar microscope is constructed upon si- 
milar principles. Two conirex glasses are inclosed 
at their proper distances in a brass tube. This 
tube being fixed in the window- shutter of a dark 
room, the object is put between the two glasses, 
when a very large inverted image of it will be ex- 
hibited on the opposite wall, provided the sua 
shines sufficiently bright and clear upon the mi- 
croscope. This instrument bears a strong ana- 
logy, therefore, to the cameraobscura already de« 

scribed. 

What microscopes perform upon minute bodies 
very near, telescopes perform upon great bodies 
very remote ; namely, they enlarge the angle in 
the eye under which the bodies are seen;* and 
thus, by making them very large, they make 
them appear very near: the only diiference ts, 
that in the microscope the focus of the glasses is 
adapted to the inspection of bodies very near ; in 
the telescope, to such as are very remote. Sup- 
pose a distant object at AB (see fig. 75), its rays 
come nearly parallel, and fall upon the convex 
glass cd; through this they will converge in pointe, 
and form the object £ at their focus. But it is 
usually so contrived, that this focus is also the 
focus of the other convex glass of the tube. • The 
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rays of each pencil, therefore, will now diverge 
before they strike this glass; and will go through 
it parallel ; but the pencils all together will cross 
in its focus on the other side, as at e, and the 
pupil of the eye being in this focus, the image 
will be viewed through the glass, under the angle 
gehj so that the object will seem at E under the 
angle D^C. This telescope inverts the image, 
and therefore is only proper, for viewing such 
bodies as it is immaterial in what position they 
appear, as the sun, the fixed stars, - &c. By add- 
ing two convex glasses, the ims^ may be seen 
upright. The magnifying power of this, which is 
called the dioptric telescope, is found by dividing 
the focal distance of the object-glass by the focal 
ilistance of the eye-glass, and the quotient cx*> 
presses the magnifying power. . 

The greatest inconvenience attending dioptric 
or refracting telescopes was found to be that 
which arises from what is called the aberration of 
light, which, when high magnifiers were used, 
that isj lenses much thicker in the middle than at 
the sides, produced often a confused, and s6me* 
times a coloured image. This effect is the result 
of refraction, and it consists in different rays, ac« 
carding to their obliquity, uniting in different 
foci, though proceeding through the same lens. 
This will be easily understood by fig. 74. Sup- 
pose, then, PP to be a convex lens, and £ ^ an ob- 
ject, the point E of which corresponds with 
the axis - of the lens, and sends forth the rays 



168 Experimenial Philosophy » [Lecture 15^r 

EM, EN, EA, EM, EN, all of which reach 
the surface of the glass, but in different parts. The 
ray EA, which penetrates the centre of Ihe glass^ 
suffers no refraction ; the rays EM, EM, which 
pass near EA, will bcv converged to a focus at F— * 
But the rays EN, EN, which strike more ob- 
liquely near the edges of the glass, will be different^ 
ly refr^ted, and will meet about G, nearer to the 
lens, where they will form another image Gg» 
In this manuer several images will be formed ia 
different £9ci ; and though to the eye which looks 
through the lenaone image only will be apparent, 
yet that image, from being composed of so many 
combined, will be confused and distorted^. 

What is thus established in theory may be de* 
monstrated by experiment, and that experiment 
is easy to make. Cover one side of a glass globe or 
thick lens^ with a piece of brown papec, making 
a row of pin-boks across the diameter of the len9^ 
very accurately at equal distances. Let the light 
which passes through the lens fall upon a sheet 
of white paper, and you will find that when the 
paper is held near the lens Vbe spota of light will 
be nearly at equal distances ; but if the paper is 
further removed, the intervals between the exte* 
rior spots grow kss than the intervals between 
the interior, and soon unite. 

But there is a still further aberration, which is 
productive of even a greater inconvenience than 
this which F have now specified. When I come 
to treat of the prism u»d the pcismatic colours^ 
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you ^ill find that each particle of light is suscep-* 
tible of a difierent degree of refrangihiitty^ and 
^consequently that every lens (especially higb 
magnifiers) acts in some degree as a prism in 
separating the different coloured rays — Hence, if 
we suppose PP (fig. 75) to be a double convex 
lens, and oo an object at some distance from it* 
If the ohjeci oo was red, the rays proceeding from 
it would form a red image Rr ; ' if it was violet, 
an image of that colour would be formed at Vt; 
nearer the lens ; and if the object was white, or 
any other combination of different coloured rays, 
these rays would have their respective foci at dif* 
ferent distances from the lens, and form in fact 
a succession of images, in the order of the pris* 
matic colours from fir to Vv. As in the former 
case, these different images will form but one to 
the eye of the spectator ; but it will be imperfect 
and coloured at the edges, as well as the field of 
view. Vanous remedies were devised for this 
defect. At length Mr.'Dollond, finding that flint 
jand crown glass had different refracting powers,, 
and that crown glass (the commoix window glass) 
dispensed the rays of light less than any oiher, 
adapted two convex glasses of crown glass to a 
double concave of ilint glass (which has the 
^reaiest dtspersi^e power) j so as exacstly to £t,.and 
by that means made them counteract each other, 
so that the field of view is presented perfectly- 
colourless.. These telescopes, therefore, are call* 
Jti achromaiic (oc colourless) tel^copes* 
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The reflecting telescope performs^ by reflect-- 
ing the rays issuing from any object, what the last 
did by refractingthem. Lciab, (PL XVI. fig. 76) 
be a distant object to be viewed : parallel rays is- 
suing from it, as ac and bdy will be reflected by 
tlie metallic concave mirror cd to st, and there 
brought to a focus, with the image a little further 
and inverted, agreeably to the effect of a. con- 
cave mirror on light, as formerly described. The 
hole in the mirror cd does not distort or hurt the 
image st, it only loses a little light ; nor do the 
cays stop at the image st ; they go on, and cross 
a little before they reach the small concave mirror 
en : from this mirror the rays are reflected nearly 
parallel through the hole O, in the lai^e mirror 
to R ; there they are met by the plano-conyex 
lens hiy which brings them to a convergence at S, 
and paints the image in the small tube of the 
telescope close to the eye. Having by this lens^ 
and the two mirrors, brought the image of the 
object so near, it only remains to magnify this 
image by the eye*glass kr ; by which it wUl ap- 
pear as large as xy. 

To produce this effect, it is necessary that the 
large mirror should be ground so as to have its 
fi>cus a little short of the small mirrori, as at ^ ; 
and that the small mirror should be of such c<m- 
cavity as to send the rays a little converging 
through the hole o; that the lens hi should be of 
sucb convexity as to bring those converging rays 
to an image at S i and that the eye-glass kr should 
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be of such a focal lengthy and so placed in the 
tube, that its focus may just enter the eye through . 
the small hole in the end of the tube 

To adapt the iostrument to near or remote ob- 
jects, or rather to rays that issue from objects 
ecu verging, diverging, or parallel, a screw, at the 
end of a long wire, turns on the outside of the 
tube, to bring the^ small mirror nearer to, or ' 
further from, the large mirror ; and so as to ad- 
just their foci according to the nearness or re- 
moteness of the objects. The sun-glass at the 
end of the small tube should be unscrewed, when 
any other object, except the sun, is looked at. 
This peculiar construction of the reflecting tele- 
scope is called the Gregorian telescope, from the 
name of its inventor. 

To estimate the magnifying power of the Gre- 
gorian telescope, multiply the focal distance of the 
large mirror by the distance of the small mirror 
from the image S ; then multiply the focal di- 
stance of the small mirror by the focal distance 
of the eye-glass kr ; then divide these two pro- 
ducts by one another, and the quotient is the 
magnifying power. 

Sir Isaac Newton formed his telescope upon 
a somewhat diflferent principle from that of 
Gregory. In this instrument, still known by the 
name of the Newtonian telescope, instead of the 
small concave mirror ew, there is placed diago- 
nally a plane mirror, on which the spectator looks 
through the side of the telescope by means of an 
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e}^-g1a88 adapted to that pqrpose. The celebrated 
^ Dr. Herscbal commonly uses the Newtonian tele- 
icope on an improved principle^ and through that 
makes most of bis observations. 

Dr. Herschel's great telescope is however of a 
different construction. It has only one large con- 
cave reflector at the bottom of the tube ; and th^ 
spectator stands with his back to the object^ and 
looks in ujX)n the reflector through a^ eye-glass. 
The magnifying power of this is the san^e as that 
of a Newtonian telescope would be of the same 
sized reflector j but, there being only one reflec* 
U>h the quamity of light is Ifss diminishedt 



LECTURE XIV, 

EXPERIMENTAL PHILOSOPHY, 



COLOURS. 



J HAVE explained the naturci of vision, an4 
that it is by means of the rays of light which 
«re sent from the different objects that sur- 
round us to our eyes, that they are rendered 
risible. But you are yet at a loss to under* 
«tand whence proceed the infinite variety of co- 
lours in which the whole creation is superbly 
arrayed. You must be rendered sensible of 
these colours by means of the light : but you 
mW be surprised to learn that the colours are 
not in the things, but in the light itself; and 
that every beam or pencil of light is composed 
of particles of different colours. ^' The blushing 
beauties of the rose, the modest blue of the 
violet," says Goldsmith, *^ are not in the flowers 
themselves, but in the light that adorns them : 
odour, softness, and beauty of figure are their 
own ; but it is light alone that dresses them up 
in those robes which shame the monarch's 
glory." 

You must have observed yourselves, that the 
colours of objects are essentially altered by the 
light in which they are seen. The colours of 
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various pieces of silk or woollen stuff are not 
the same by day as by candle ligbt; but there is 
a common experiment which will yet more 
forcibly illustrate what I have been observing^ 
and prove that colour is not in the objects^ but 
in the light by which they are seen. Let a piat 
of common spirit, the cheapest will answer as 
well as the best^ British brandy for instance^) be 
poured, into a soup-dish, and then set on fire : as 
It begins to blaze, let the sp^tators stand round 
the table^ and let one of them throw a handful 
of salt into the burning spirit (still keeping it 
stirred with a spoon. Let several handfuls of 
^alt be thus successively thrown in ; the spec- 
tators will see each, other frightfully changed^ 
their colours being altered into a ghastly black* 
nesB. It i& plain, then,, that the solar rays are 
composed of matter different firom the light 
which is emitted by this flame; and the truth is, 
that the ligbt of a. candle is somewhat different 
from both. 

But the genius of Newton has enabled us to 
go still further in. ascertaining the nature of 
light. He has analysed it with as much expert- 
ness as a chemist analyses any physical sub- 
stance, and has divided it into its component 
parts. To this noble, disco very the great philo- 
sopher was led rather by accident than by de- 
sign J but. a mind, such as Newton's was able to 
improve* whatever hint ciiance submitted to his 
view^ It was in attempting to rectify the errors 
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anri^ifkgfroffi the aberralion of light in the glasses^ 
Af tlie fekscope, that his attention was directed 
to tte wonderful effect which i§ produced by a 
prism. 

The prism of the opticians i* a triangulaf 
pii^ce of glass, of the length of about three 
Inchedb If, then> a small hole F, fig. 77^ is 
made in'' the window-shutter, EG, of a dark 
tihtfmber, and a beam of light, SF, proceeding 
directly from the sun, (for the experiment will 
only succeed when the snn shines,) is made to 
pasd through the prism, ABC, an image of the 
»un, PT, will be represented on the sheet of 
paper, MN, fixed to the opposite Wall. But 
you will observe two very extraordinary circum- 
stances atteilding this representation of the sun^ 
The first, that the figure is not round but ob- 
loAg ; and, secondly, if you will observe the 
figure in the plate, you will see that it is intend* 
cd to represent different colours, and in the real 
image these colours will be fbuad eixtreiQely 
vivid. On measuring the image, which philo* 
iophers have agreed to call a spectrum, Sir Isaac 
Newtoufound that, at the distance of eighteen 
feet and a half from the prism, the breadth of 
the image was two inches and a half, and* its 
length ten inches and one quarter, that is, nearly 
five times its breadth. The sidesr were right 
lines distinctly bounded, and the ends were se- 
micircular, as in the plate. From this it was 
evident that it wai^ still the imag of be sun. 
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but elongated by some refractive [>ower in th^ 
glass. In tlic image PT the colours succeeded 
in this order from the bottom at T^ to the top 
at P, namely red, orange, yellow, green, blue, 
indigo, violet. 

Unable as yet to account for the phsenome- 
non, he was induced to try the efTect of two 
prisms, and he found that the light, which by 
the first'prism was diffused into an oblong, was 
by the second reduced to ft circular form, as re- 
gularly as if it had passed through neither of 
them.. After various conjectures and experi* 
ments, he had recourse, at length, to what he 
calls the experimentum emds. At the distance 
of about twelve feet froiii the prism, which was 
close to the aperture F, he placed a board which 
xaight receive the image in the same manner as 
the sheet of paper MN* In this board tliere was 
also a small hole, through which some of the 
light might pass; behind this hole, tben^ he 
placed a second prism, and, by moving the first 
prism, he ipade the several parts of the image 
cast by it on th^ board to pass successively 
through the hole, so as to be refracted again upon 
the wall by the second prism. He found then, 
that the different colours of the spectrum, wh^n 
permitted to pass through the hole in the board, 
were incapable of further decomposition; that 
the red rays continued red, the orange the.same, 
&c. The cause of the phsenonienon, therefore, 
w^s no longer a secrj^t. It was plain that everjr 
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beam of light consisted of particles different in 
colour, or which rather have the effect of pro- 
ducing different colours, and that all of them 
blended together fornted white. It was further 
evident, that the particles of one colour were 
more refrangible than those of another; and 
therefore those which formed the upper part of 
the image or spectrum suffered a much greater 
refraction than those at the bottom; in other 
words, were more under the influence of the at- 
tractive powers of the glass; Hence it was further 
evident why the figure or spectrum was of an 
oblong form instead of round ; for the particle^ 
of light, being differently refrangible, were spread 
out longitudinally by the action of the prism. 

Various experiments will convince you that 
whiie light is no more than a compound of 
these parti-coloured rays or particles. For if, 
instead of the sheet of paper MN, you substi- 
tute the large convex glass D, see fig. 78, in its 
place, the scattered rays will be converged and 
united at W, where, if the paper is placed tt) re- 
ceive them, you will see a circular spot of a 
lively white. At W also the rays will cross 
each other; and if the paper is removed a little 
further, you will see the prismatic' colours again 
displayed as at RV, only in an inverted order, 
owing to the crossing of the rays. 

To show further in what manner white is 
produced. Let two circles be drawn, as i^ fig. 
79, on a smooth round board ABCDEFG, and 
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ptermost of them divided into three hun- 
and siajty equal parts of degrees : then draw 
^ven right lines, as A, B, &c. from the centre 
to the outermost circle ; making the lines A add 
B include eighty .degrees of that circle; the 
lines B and C forty degrees ; C and D sixty % 
P and E sixty; E'and F forty-eight; F and O 
twenty- seven; G and A forty-five. Then, be- 
tween these two circles, paint the space AG 
;red, inclinUig to orange near G ; GF orange, hur- 
^lining to yellow near F; FE yellow, inclining 
to green near E; ED green, indinkfg to blu« 
^ear P; DC blue, inclining to -indigo near Cj 
,CB indigo, iix^]i^ii:g to viokt near B; and BA 
violet, inclining to a soft red near A. Thi« 
done, paint all that part of the board black 
- which lies within the inner circle; snd pbtring 
^n axis through the centjre of the board, let it 
be turned very swiflly round that axis, so that 
the rays proceeding from the above colours may 
be all blended and roix^d together in coming to 
the eye; and then the whole .coloured part will 
appear like a white rin^, a little grayish ; not 
perfectly white, because no colours prepared by 
art are perfect. 

Any of these colours, except red and violet, 
may be made by mixing together the two con- 
tiguous prismatic colours. Thus, yellow is 
made by mixing together a due proportion of 
orange and green; and green may be made by a 
mixture of yellow and blue. 
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TThe theory of colours is therefore now com* 
pletely unfolded. Those bodies^ or those parts 
of bodies^ which have the property of reflecting 
only the red-making rays, will appear red ; 
those ^hich reflect the violet wiU be violet, &c.; 
and those which reflect some rays of one colour 
and some of another will be the intermediate 
shade or colour between both; and as white is a 
compound of all the seven primary colours, so 
black is an entire deprivation of them all ; and 
when an object appears black, the light is com-^ 
pletely absorbed, or at least not reflected by it. 
To prove, however, still more forcibly that co- 
lour is not in the objects, but in the light it-» 
self ; no olyect whatever can reflect any other 
kind of light than that which is thrown upon 
it; and when any one of the primitive rays has 
been separated from the rest, nothing can 
•change its colour. Send it through another 
prism, expose it in the focus of a burning glasi^ 
yet still its colour continues unaltered ;.the red 
ray will preserve its crimson, and the violet itis 
purple beauty ; whatever object falls undef 
any of them soon gives up its own colour, 
though ever so vivid, to assume that of the 
prismatic ray. Place a thread of scarlet silk 
under the violet-making ray, the ray continues 
unaltered, and the silk instantly becomes purple. 
Place an object that is blue under a yellow ray, 
the object immediately assumes the radial co- 
lour. In short, no art can alter the colour of a 
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separated ray; it gives its tint to every object, 
•fcut will assume none from any ; neither reflec- 
tion^ refraction^ nor any other means can make 
it forgo its natural hue ; like goid^ it may be 
iried by every experiment^ but it will still come 
^orth the same. 

In whatever manner we consider the colour of 
a single prismatic ray> we shall have new caus€ 
to admire the beauties of nature. Whatever 
compositions of colouring we form^ if examined 
with a microscope, they will appear a rude heap 
pf different colours unequally mixed. If by 
joining, for instance, a blue with a yellow, we 
make the. common green, it will appear to the 
naked eye moderately beautiful i but when we 
regard it with microscopic attention, it seems a 
confused mass of yellow and blue parts, each 
particle reflecting but one separate colour: but 
very diflerent is the colour of a prismatic ray ; 
jno art can make one of equal brightness, and 
the more closely we examine it the more simple 
it appears. To magnify the parts of this colour 
could be but to increase its beauty. 

The red and.orange rays, you have seen^ are 
ieast subject to refraction, or are least turned 
out of their way by the interposition of the 
glass; they are therefore, we may conclude, 
either larger than the rest, or propelled with 
greater force ; in technical language, they have 
the greatest momentum. Agreeably to this we 
find^ that when the eyes are very weak they can 
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scarcely support a scarlet colour j its impres- 
sions arc too powerful, and, next to the solar 
beam itself, dazzle and disturb the organ. On 
the contrary, the more refrangible the rays (the 
violet for instance) the less forcibly they sl;rike 
the eye; and green, the intennediate colour, is 
the most agreeable, and is that in which Provi- 
dence has chosen to array the meadows and the 
woods. 

Of all the objects of nature the rainbow ex- 
hibits the prismatic colours in the greatest per- 
fection. It is, indeed, a natural prism, and se- 
parates the component particles of light with 
the same accuracy and precision. 

The rainbo'w: was one of those phaenomena 
which astonished and perplexed the antients; 
and, after many absurd and unsuccessful con- 
jectures, their best philosophers, Pliny and Plu- 
tarch, relinquished the inquiry as one whichf 
was above the reach of human investigation*. In 
the year l6l 1 Antonio dc Dominis made a con- . 
siderable advance, however, to the true theory, 
by suspending a glass globe in the sun's light, 
when l\e found that, while he stood with his 
back to the sun, the colours of the rainbow 
were reflected to his eye in succession by the 
globe, as it was moved higher or lower. He 
was, however, unable lo account for the pro- 
duction of the different colours, as the experi- 
ments with the prism had not yet been made. 
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md It was reserved for Newton to perfect the 
discovery. 

To begin^ however^ with the experiment of the 
former philosopher^ let us suppose ourselves iu 
bis place. Let A, (PI. XVII. fig. 80,) be ^ glass 
globe, and Sd a, ray from the sun, and failing 
on the globe Sitdi ^^ ^^^^3 ^^ ^^^^ place^ suffer a 
refraction, and instead of going on to c will be 
bent to n. From n a part of the light will b« 
reflected (for a part will necessarily pass through) ^ 
and fdling obliquely at o, it will again be re-* 
fracted. In this c^se you see that theglobe^ 
from its form, will act in some measure, like a 
prism, and the ray will be separated into its 
component parts. An eye, therefore, situated 
at g, will see the red rays at the line just above 
the orange, &c. and so on to the violet. Now 
you will recollect, that in a shower of rain there 
are drops at all heights, and therefore the eye 
situated at g will see all the different colours. 

This will account for the first or primary 
bow, which you see is thus formed by two re« 
fractions and one reflection 3 but there is often 
a second bow on the outside of the other^ 
which is rather fainter, and which is made by 
two refractions and two reflections. To ex- 
plain this, take a similar glass globe, B, fig^ 81. 
Let the ray T in that enter at the bottom of the 
globe at r, where it is refracted, and part of the 
light will escape at s^ and the rest^ instead of 
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escaping to ur, will be reflected to i ; firom this^ 
part will escape ta x, and part will be again re* 
fleeted to u, where it suffers another refraction, 
and is sent lo the eye at g, where the violet rays 
will be first visible, and then the others in suc- 
cession. 

Now eachdrop of rain may be considered as 
a small globe, and within a certain range will 
refract and reflect the light in the manner above 
described. To make the matter still plainer, 
therefore, let us for the present' im^^ineonly 
three drops of rain, and three degrees of coloum 
in the section of a bow (fig. 82). It is evident 
that the angle CFE is less tlian the angle BFE, 
and that the angle AFE is the greatest of the 
three. This largest angle then is formed by the 
red rays, the middle one consists of the green, 
and the smallest is tlie purple. AH the drops 
of rain, therefore, that happen to be in a cer- 
tain position to the eye of the spectator, will 
reflect the red rays, and form a band or semi- 
circle of red; those again in a certain position 
will present a band of green j &c. If he alters 
his station, the spectator will stilly see a bow, 
though not the samef bow as before; and if there 
are many spectators, they will each see a different 
bow, though it appears to be the same. 

The phaenomenon assumes a semicircular ap- 
pearance, because it is only at certain angles that 
the coloured or refracted rays arc visible to our 
eyes, as is evident from th6 experiment with the 
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|;1aS3 globr, which wiD oaiy refract ihc rays in a 
certain pouiioo. The least reiiangible, or red 
rayi, make an angle of Forty-two d^rees two 
minutet, and the most refrangible, or violet 
ray>, an angle of forty decrees seventeen mi- 
nute*. Now if a line is drawn horizontally 
fro;n the spectator's eye, it is evident that 
angles formed with this line, of a certain dimen- 
sion in every direction, will produce a circle, as 
will be evident by only attaching a cord of a 
given length to a certain poinl, round which it 
may turn as round its axis, anil in every point 
will describe an angle with the horizontal line 
of a certain and determinate extent. 

As the cause of colours must be now apparent 
to you, and as it is evident that they must pro- 
ceed from some quality in bodies of their sur- 
faces, which causes ihcm to reflect rays of a 
particular hue,, you will easily understand why 
some bo<lies, which are called semipellucid, 
afford one colour by transmitted, and another ' 
by reflected light. The truth is, the beam of 
light in passing through ihcin i» dissected and 
separated, and P*--' "'' *'".*' ''"'''"'' " P^nniitcd 
topass .*.">.*". •fj;!^^;.^^^''' back JF.so- 
^yo<)(i taJled.|ig«um nephriticum is 
r phial, when viewed only by the re 
Inch falls upon it, the solution will 
lut if held up against the Iigh[,ahd 
the colour will be a fine ydlow 
Iwwid to be the case with some 



r 



Colours. 205 

precious atones, and some glass compositions. 
Thus, if a small quantity of arsenic is mixed in 
the composition of glass, the mass will appear 
blueish white by the reflected light, but oran^ 
by that which is transmitted through it. 

The blue colour of the sky may be accounted 
•" for upon this principle. The atmosphere may 
be considered as a semipellucid medium, which 
is loaded with small and light particles of va- 
pour; and these particles may be compared with 
the particles of arsenic, which are mitigled in 
the glass above mentioned. If the air is very 
heavily charged with these vapours, therefore, 
a large proportion of the light will be reflected^ 
and that dusky whiteness appears which distin- 
guishes mists and fogs ; but in a clear state of 
the atmosphere only the weaker and more re- 
frangible rays, such as the bhie, violet, &c. are 
reflected, and hence proceeds the blue colour of 
the sky. 

On the same principles depends the green 
colour of the sea. It is a muddy mass, charged 
with heterogeneous particles. All the more re- 
frangible rays, therefore, are reflected, while 
the stronger rays, the red, orange, &c, are trans- 
mitted. Thus Dr, Halley, in a diving-beH sunk 
many fathoms deep in the sea, observed, that 
when he extended his hand out of the bell into 
the water, the upper part of it was red, and the 
lower part a blueish green. The redness was 
occasioned by the strong red rays, which in 
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their progress through 'the mass of water were 
intercepted and reflected by his hand ; while^ on 
the contrary, the heterogeneous particles di- 
spersed through the water reflected only the re- 
frangible rays, so as to afibrd the appearance of 
green. These principles applied to many other 
of the pl^aenomena of nature will serve to ex- 
plain their causes ; and if they excite you but to 
use your own understandings, and to think for 
yourselves, this sketch of the phaenomena of 
light and colours will be of more essential ser- 
vice to you than the most laboured detaih 



LECTURE XV. 

EXPERIMENTAL PHILOSOPHY. 



THE LAWS OF MOTION. 

Every thing in mechanics depends upon very 
simple principles^ and may be resolved ultimately 
into the power of gravity and the laws of mo- 
tion. . 

In treating of grayitation^ in our second lec* 
ture^ it was shown to be that kind of attraction 
which subsists between the mass of the earth and 
all those bodies which are on its surface. It is 
that which> in the stated revolutions of this pla* 
aet^ prevents us^ and all the bodies which sur* 
round us^ from falling into infinite space ; and 
which draws jso forcibly every thing whatever to- 
wards the qentre of the earth. 

That this attraction is greater or less at dif- 
ferent distances is generally allowed ; a body 
which at one semidiameter of the earth weighs 
one pounds will have four times less weight al 
two semidiameters^ and nine times less at three* 
At small distances^ however^ we are not sensible 
qf this difference in weight y for though we could 
he elevated a mile above the earth's surface^ when 
we consider that its diameter is about eight thour 
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sand miles, we shall easily see that the small differ- 
ence which this would produce is scarcely to be 
estimated. 

Falling bodies, however, we know, acquire an 
accelerated o increased force, according to the 
height from which they are precipitated ; but this 
must be accounted for from different principles. 
Every man is sensible that the fall of a stone is 
to be dreaded in proportion to the height frooft 
which it descends. If it falls from only a foofc 
above his head, it is not likely to be so fatal as if 
it fell from the parapet of a high house. The 
falling body, therefore, must of necessity acquire 
an increase of velocity in its descent ^ and, in fact^ 
it is said that a leaden bullet let fall from one of 
the steeples of Westminster Abbey acquired ve* 
locity sufficient to pierce through a deal board. 

This effect must therefore be referred to the first 
law of motion, as laid down by Sir Isaac Newton,- 
which is, that *^all bodies are indifferent to motion 
and rest: in other words, a body at rest will' 
continue in that state, unless put in motion by 
some external impulse y and a body hi motion* 
will continue that motion for ever, unless stop- 
ped by some external obstruction.'^ This pro*». 
perty of matter is termed, in the technical lan-p" 
guage of philosophy, its vh inertice. 

To apply this to the case immediately in point> 
it is evident that the bullet which is dropped from- 
tbe steeple of Westminster Abbey, having, by? 
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the power of gravity, once acquired a certain 
d^ree of motion^ would continue to fall, by the 
iDotioQ it had received by the first impulse, even 
if the cause was to cease. For instance, if when 
it had fallen half way it was possible to deprive 
it of. gravity, it would still, by the above law, 
continue its motion, and in the direction in which 
it was sent, as a stone continues to proceed, when 
thrown by the hand, without any new impulse. 
The power of gravity, however, does not cease, 
and therefore- every inch the bullet falls it receives 
an increase of motion. Thus, if in the space ol 
one second it falls otie pole (sijfteeit feet and a 
half), it will then have acquired as much swift- 
ness or velocity as will carry it through three poles 
in the next second, through five in the third, 
through seven in the fourth, and nine in the fifth. 
This will account fer its accelerated motion, and 
for the increased force with which it falls near the 
bottom'. Thus the time which bodies take in fall- 
ing is easily calculated J for, if they fall about 
one pole in the first second, which is what they 
nearly do by (he force of gravity, they will then 
fall three in the next, and in fiv^e seconds they 
will fall about twenty-five poles, or three hun- 
dred feet. If there was no resistance from the air, 
the velocity of falling bodies would be still great- 
er ; and as water is a medium more dense than 
air, the resistance must be greater, and the motion 
of a body falling in water proportionably slower, 
A* heavy bodies are uniformly accelerated iiii 
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theil" descent, ihey are as uniformly retarded by 
the power af gravity in their ascent. Thus, if I 
was to throw the bullet up to the steeple of 
Westminster Abbey, I must give it just as much 
force as it acquired in its descent. Thus, the body 
D in rolling down the inclined plane A B (Plate 
XVIII. fig. 83) will acquire sufficient velocity by 
' the time it arrives at B to carry itnp nearly to O; 
and if the plane was peifectly smooth, and the air 
gave no resistance, it would carry it up quite to 
that point: it is upon this principle Xh^ pendulum 
i» constructed. You all know, I conceive, that 
a pendulum consists of a bob or ball fixed to a 
smsdl string or wire. If therefore the bob (fig. 84), 
is let go at a, it will fall to d, and by the v^^ 
locity it acquires in the fall it will rise to c: this 
is called an oscillation ; .and if a pendliluin was 
put in motion in a space quite v«id of air, and 
free from all resistance frorn friction on the poiiit 
of suspension, it would move for ever. Pendu- 
lums vibrate in proportion to their lengths, and 
the vibrations of the same pendulum are always 
performed in the same space of time. Hence 
their great utility in measuring time i for a pen- 
"dulum of thirty-nine inches one-fifth will vi- 
brate an aliquot part of the time the earth is 
turning on it saxis, that is, l-86400dth part, or 
sixty times in a minute. Near the equator, 
however, pendulums move slower than near the 
poles ; and they are also subject to variations and 
i^regidaritics from heat and c ol, which causes 
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the metals, of which the rods are usually ionned, 
to lengtheu ^r contract. 

It is from this sluggishness of motion^ which 
is called the vis inertice of bodies, that there pro- 
oeeds a something like an endeavour in all bodies 
to preserve that state in which they are, when at 
rest to continue in a state of rest, and when in 
motion to continue ii> motion. This position 
may seem abs.truse, but it wiH adinit of illustra- 
tion by , the most common facts. If I push abowl 
of water with my hand, the waiter flies backwards 
over the edge upon my band, for it endeavours to 
continue iti the state orf rest in which it was. But if 
I take the bowl iu my hand, and run away with it| 
and suddenly stop short, the water flies forward 
the way I was ruosiing, from its vis inertia j ox 
tendency to continue in the same stale of motion* 
In the same manner, if I am sitting in the front 
of a carriage, which, after going very fast, stops 
suddenly, I am jolted from my seat, and my head 
will possibly drive through the front glass of the 
carriage. 

It is a plain and obvious principle, that the 
greater the quantity of matter is which any body 
contains, the greater will be its vis inertice. The 
heavier any^body is, the greater is the power which 
Ls required, eitlier to set it in motion or to stop 
it. Op the other hand, the swifter any boiy 
moves, the greater is its force ; as was sufficiently 
exemplified in the ca^e of a bullet, which was 
supposed to fall from the steeple of Westminster 



^1« Experimental Philosophy. [Lecture 15* 

Abbc)-. But to make the matter still plainer: if 
the roller a (fig. 85) leans against the obstacle h, 
it will be found incapable of overturning it ; but 
if a. is taken up. to c, and suffered to roll down 
the inclined plane against b^ it will overturn it 
instantly. It is plain, therefore, tliat by itl^ 
.continued motion the roller a has acquired a for6e 
which it had not in itself. The stroke which a 
strikes at b is called its momentmn. Hence re- 
sults the well-known maxim in philosophy, Athicb 
I have before had occasion to repeat to you— 
'*That the wholemomentum, or quantity of force, 
of any moving body, is estimated by the quan- 
tity of matter multiplied by the velocity or swift- 
ness with which it moves/* When the products^ 
therefore, arising from multiplying the quantity 
of matter in any two bodies by their respective 
velocities, are equal, we say their momenta, or 
moving forces, are the same. Thus, if a body, 
which I call A, weighs forty pounds, and movea 
at the rate of two miles in a minute ; and another 
l)ody, which I call B, weighs only four pounds,, 
and moves at the rate of twenty miles in a mi- 
nute, the entire force with which Hiese two bo- 
dies will strike each other would be equal, atid 
each of them would require an^£nual force to 
stop it. For forty multiplied by Settts gives eighty, 
tie force of A ; and twenty multiphed. by fpur is 
I eighty, the force of B. 

Upon this easy principle depends the whole of 
I m^hanics : and it holds universally true, that 

I 
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when two bodies are suspended on any machine, 
so as to act contrary to each other ; if the ma- 
chine is put into motion, and the perpendicular 
ascent of one body multiplied into its weight i» 
equal to the perpendicular descent of the other 
body multiplied iutp its weighty those bodies, 
how unequal soever in their weights, will balance 
one another in ail situations : for, as the whole 
ascent -of one is performed in the same time with 
the whole descent of the other, their respective 
velocities must be directly as the spaces they 
move through ; and the excess of weight in ovk% 
body is compensated by the excess of velocity in 
the other. Upon this principle it is easy to 
compute the power of any mechanical engine, 
whether simple or compound ; for it is but only 
finding how much swifter the power moves than 
the weight does (i. eti how much further in the 
same time), and just so much is the power in- 
creased by the help of the engine. 

The second law of motion laid down by Sir 
Isaac Newton is — "That the ^Iteration of the 
state of any body from rest to motion, or from 
one motion to another, is always in proportion 
to the force which is impressed, and in the direc- 
tion of that force/* 

All motion U- naturally rectilinear. A bullet 
projected by the hand, or shot from a cannon, 
would for ever continue to move in the same di- 
rection it received at first, if no other power di- 
verted its coarse* When therefore we see a body 
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wove in a curve of any kind whatever, we con- 
clude it must be acted upon by two powers at 
\tB»t; one putting it in motion, and another draw- 

ng it away from the rectilinear course in which 
it would otherwise have continued to move : and 
whenever that power,^ which bent the motion 
of the body from a straight line into a curve^ 
ceases to act, the body will again move on in 
a straight line touching that point of the curve 
in which it was when the action of that power 
ceased. For example, a pebble moved round in a 
siing ever so long a time, will fly off the moment 
it is set at liberty, by slipping one end of the 
aiing cord : and will go on in a line touching the 
circle it described before ; which line would ac- 
tually be a straight one, if the earth's attraction 
did not affect the pebble, and bring it down to the 
ground. This shows that the natural tendency of 
tlie pebble, when put into motion, is to continue 
moving in a straight line, although by the force 
that moves the sling it is made to revolve in a 
circle. 

From this maxim it will evidently appear, that 
when two forces act at once upon the ?ame body, 
in different directions, it.will go in neither, but 
in a course between both. If the billiard ball a 
(fig. 86) is struck at once by the two cues b and 
c, it will be impelled forward in the diagonal or 
middle line, whereas b would have impelled it ia 
the line e, and c in the line d, 

, Or if a boat (fig. 87) is drawn up the stream bj^ 
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two men on the opposite banks, it will follow the 
direction of neither exactly, but will proceed 
directly in the middle of the stream. 

Suppose again (PL XIX. fig. 88) the body A to 
represent a ship at sea ; and that it is driven by 
the wind, in the right line A B, with such a force 
as would carry it uniformly from A to 6 in a mi- 
nute : then suppose a stream or current of water 
running in the direction A D, with such a force 
as would carry the ship through an equal space 

from A to D in a minute. By these two forces, 
acting together at right angles to each other, 
the ship will describe the line AEC in a minute ; . 
which line (because the forces are equal and per- 
pendicular to each other) will be the diagonal of 
an exact square. 

If the acting forces are equal, but at obHquci 
angles to each other, so will, the sides of the pa- 
rallelogram be : and the diagonal run through by^ 
the moving body will be longer or shorter, ac- 
cording as the obliquity is greater or smaller. 
Thus, if two equal forces act conjointly upon the 
body A, (fig. 89) one having a tendency to move 
it through the space A B in the same time that 
the other has a tendency to move it through an 
equal space A D ; it will describe the diagonal 
AGC in the same time that either of the single 
forces would have caused it to describe either of 
the sides. If one of the forces is greater than 
the other, then one side of the parallelogram will 
be so much longer than the other, Eor, if one 
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force singly would carry the body through tlie 
S}}ace A £, in the same time that the other would 
have carried it through the space A D, the joint 
action of both wiir carry it in the same time 
through the^space A H F^ which is the diagonal 
of the oblique parallelogram AD £F. 

If both forces act upon the body in such a 
manner, as to move it uniformly, the diagonal 
described will be a straight line ; but if one of 
the forces acts in such a manner as to make the 
body move faster and faster, then the line descri- 
bed will be a curve. And this is the case of all 
bodies which are projected in rectilinear direc- 
tions, and at the same time acted upon by the 
power of gravity, which has a constant tendency 
to accelerate their motions in the directioiji wherein 
it acts. 

This last is an observation of great importance, 
as it is the foundation of the beautiful system of 
Newton concerning the planetary motions. The 
force which impels these bodies forward in a rec- 
tilinear direction, is called the centrifugal force, 
as driving them from the centre ; and the force 
which draws it towards the centre, or the power 
of gravity, is called the centripetal force. Thus, 
if the body A (fig. 90) is projected along the 
straight line A F H in open space, where it meets 
with no resistance, and is not drawn aside by any 
power, it will go on for ever with the same vq- ' 
locity, and in the same direction. But if, at the 
same moment the projectile force is given it a^ 
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A, the body S begins to attract it with a force 
duly adjusted*^ aiul perpendicular to its motion: 
at A, it will then be drawn from the straight line 
AFH, and forced lo revolve about S in the circle 
ATW ; in the same manner^ and by the same 
law, that a pebble is moved round in a sling. 
And if, when the body is in any part of its orbit 
(as suppose at K), a smaller body, as L, within the 
sphere of attraction of the body K, is projected 
in the right line LM> with a force duly adjusted, 
and perpendicular to the line of attraction LK ; 
then the small body L will revolve about the large 
body K in the orbit NO, and accompany it in 
its whole course round the yet larger body S. 
Here S may represent tbe sun, K the earth, and 
L the moon. But of this we shall treat more at 
large in the lectures on astronomy. 

These principles will serve to explain many 
facts which will fall from time to time under your 
observation. Thus if a leaden ball is dropt from 
the mast-head of a ship, under swift sail, you 
would suppose, before the ball would reach the 
deck, the ship would be slid from under it, and 
Aat it would fell behind the ship into the sea. 
This is not the fact ; for the ball falls down by 
the side of the mast, as if the ship was at anchor. 
Why ? Because the ball is under the influence 

• To make the projectile force a just balance to the gravita- 
^g power, 90 as to beep the planet moving in a circle, it must 
P^ such a velocity as the planet would acquire by gravity, 
when it had fallen through half the semidiameter of that circtq. 

VOL. I. L 
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of two forces j one horizontal^ by the niotioit 
of the ship, which is the same as if you had 
sentit forwards from your hand with the same de- 
gree of velocity as the bbip moves at; the other 
force is perpendicular, by the power of gravity : 
so that though it appears to fall perpendicular^ 
it does not, but de^ribes, in space, the same 
kind of semi-parabola as a ball shot from a 
gun. 

If I throw a log of wood into the Thames^ 
when the wind is across the river, the log will not 
obey the current, by goin^ down the river, nor 
the wind, by going across the river, but will go 
in an oblique direction made up of the two. 

The third law is, that ** re- action is always 
equal to action/' In other words, the resistaiice 
of 'a body at rest, which is acted or pressed upon, 
Acts against a moving body with a certain degree 
of pbwcr, and produces the same eflfects as an 
active force Would have dohe in the same direc* 
tion. Thus, if I strike an anvil with a hammer, 
the anvil strikes the hammer with the same force 
with which it is struck itself. Hence a, common 
trick in the country, of a man lying on the ground 
with a large anvil on his breast, and suffering a 
strong man to strike it with a sledge hammer with 
all his might. If the anvil is very large, its vis 
inerticB resists the force of the blow, and the man 
is perfectly safe. If the anvil was very small, 
ouly the weight of a pound or two, the first 
stroke would kill the man. 
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A pretty exf»miniept of Mr- WaJkcr's will 
serve also to illustrate this part of the subject. 
*^ Let a be a little catinon^ (PI. XX. fig. 91 •) and b 
a hollow piece of iron or brass^ to slip on pretty 
tight upoa c Cy and of the same weight as a. Now 
if half a thimbleful! of gunpowder is put in a^ 
and 2^ shut upon it, both being suspended by 
strings; if the powder is fii%d, the parts a and b 
will be-thrown equally distant from ty the cen- 
ter where they hung 3 showing the reo>action to be 
equal to the actioh. Hence a heavy gun seems 
to recoil less than a light one, on account of its 
greater vis inertiet ;. other wise its re-action is the 
same, with the same charge/' 

Hence it is evident, ttifit when a load is drawn 
by a horse^ tbe load act^ against the motion of 
the horse, and the action of the animal is as much 
impeded by the load, as the motion of the load is 
promoted by his efibrts. 

Before I proceed to the consideration of the 
six mechanic powers, it is necessary to say a few 
words on what is i^llcd the center of gravity. 

The center of gravity is that point of a body 
in which the whole force of its gravity or weight 
is united. Whatever, therefore, supports that 
point, bears, in fact, the weight of the whole 
body ; and while it is supported the body cannot 
fall, because all its parts are in perfect eqMilibriun^ 
about that point. Thus, if I endeavour to ba- 
lance my cane, by laying it across upon n)y fia- 
ger, after some time I find a place where neitiier 

L 2 
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end will prepomlerate* The pajt^ then, which 
rests upon my finger is the cei^r'of gravrty. An 
imaginary line drawn from the center of gravity 
of any body towards the center of the earthy is 
called the line of direction, and it is in this line 
4JI heavy bodies will d^cend. 

The difficulty of sustaining a tall body upon a 
narrow foundation will be evident, if you at- 
tempt to balance your cane with its small lend upon 
your finger* Its center of gravity is -somewhere 
about the middle of the cane, and unless you 
have sufficient dexterity to Iceep the foundation 
on your finger perpendicular under the center of 
gravity, it will undoubtedly fall. In this consists 
the great difficulty of posture-masters and rope- 
dancers. The dancer en the rope balances him- 
self by a long pole loaded with lead, and keeps 
his eye steadily on some point exactly parallel to 
the rope, by which he can see whether his cen* 
ter of gravity is either on one side or the other of 
his slippery foundation, and if ^y irr^ularity 
takes place he rectifies it by his balancing pole* 

All bodies stand firm on their bases, when the 
line of direction faUs within the base ; for in this 
case the body cannot be made to fall, without 
first raising the center of gravity higher than it 
was before. Thus, the inclining body ABCD, 
(fig. 92.) whose center of gravity is£,standsfinnly 
on its base CDIK, because the line of direction 
£F falls within the base. But if a weight, as 
ABGH, is laid upon the top of the body^ the 
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centre iof gravity of the whole- bo'dy and weigUto 
together is raised up to L; af^ i^cn, as the hne 
of direction ID fen» without the- base at D^ the 
center of. gravity I is- not fcopported ; and the 
whole body and weighs tumble dowiv t(^her« 

As ai practieal' iHustration of 1his^.« I shall 
mention that die. tower- o£ Pisa (fig* 93.) leans 
sixteen^ feet outo£ the perpendicular, and stran- 
gers are consequently afraid to pass under it. If, 
however,, the materials will hold together, there 
i« no necessity for any such appreliension. For 
i£ the plummet c is let fall from its center, of gra*. 
vity, you will see that the line of direction is 
within its base or foundation, and therefore it 
has stood without a miracle these three hundred 
years • 

The nearer the center of gravity and the line 
of direction coincide, the firmer any body stands 
upon a horizontal plane. If the plane is inclined 
a body will slide down it> if the line of direc- 
tion falls within the base ; but it will tumble down 
when that line falls without the base. Thus the 
body A (fig. 94.) slides down the inclined plane 
C D, while the body B rolls down upon it. 

The broader the base^ the firmer any body 
stands ; thus you find you stand firmer with your 
feet a little asunder than when close together ; 
and in the former case it will require a much 
greater force to push you down. Whenever the 
line of direction, however, falls without the base 
of our feet, we necessarily fall ;/^ and. it is not- 
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only pkisiagy'' says Mr. Fcrgnsno, ^'but even 
surprising, toieflect upon tbe Yarious and on* 
thonghi-of metheds and postures which we use 
to Tetain this positioB, or to recorer it when it is 
lost. For this purpose we bend our body for* 
ward when we rise from a^bair^ or when we go 
lip stairs : and for this purpose a man leans for« 
ward when he carries a burden on his ba6k> and 
backwards when he carries it on his breast ; and 
to tbe right or left side as he carries it on the op*^ 
posite side/' A thousand more instances might 
be added. 
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LECTURE XVI. 

EXPERIMENTAL PHILOSOPHY. 



THE MECHANIC POWEES. 

Nl AN, considered as to bis bpdily structure, is 
but a feeble creature ; it is mind whicb gives him 
a superioritjT over other animals. Contrivance:i 
to assist his natural powers we have reason to 
believe took place at a very early period of soci« 
ety^ as we find few nations, even in the most 
savage state, which are entirely without them. 
It is philosophy^ however, which explains their 
theory and uses^ and which extends their appli*- 
cation. 

When we survey the vast variety of complex 
machines, which one of our grea^ manufactories, 
for instance, exhibits, we are struck with astonish-* 
ment, and the creative genius of man appears ta 
the greatest advantage ; but the surprise of the 
unscientific person will be increased, when he 
learns that this vast assemblage of mechanism 
is reduced into six simple machines or powers, 
from which, and their different combinations^ 
the most stupendous works of human art fire pro* 
duced. These machines are; i. the lever; 2. the 
wheel and axle ; 3. the pulley; 4. the inclined 
plane;' 5i the wedge; and 6. the screw. 

I.. The kver is, perhaps, the sinoplest of all~ 
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pkce of a Wheel^ and the farther this handle is 
from the center, the axle, on which the whole 
weight is sustained, the morie powerful will it be. 
Or if it is a wheel, the more its diameter exceeds 
the diameter of the axle, the greater will be it» 
power. Thus, if the diameter of the wheel is 
eight times as great as that of the axle, it will 
have eight times the power; and a man who,byr 
his natural strength, could only lift a hundred- 
weight, by this machine will be enabled to lift 
eight hundred. 

Of this kind are the machines called cranes^ 
which you see employed at ibe water-side^ for- 
winding up bales of goods out of ships. The- 
large circular crane,* in which a man or horse- 
walks and tunw it horizontally, is also a machine 
of this nature f and the caffsiofiy which draw»- 
up the cables of ships, and is turned by band^ 
spikes inserted in holes at the end of the roller or 
capstan. The windlass, also used in ware- 
houses for raising goods, is the wheel and ade;^ 
and, indeed, many more complex machines may^ 
be resolved into this principle. 

The spoked of the wheel, or the winch whicb- 
turns the axle, may be considered as levers, and. 
therefore by some the wheel and axle are referred, 
to the same principle.. 

IIL The pulley^ is usually considered as the 
third mechanic power, though, in truth, the. 
single pulley AA (fig. 990 gives no mechanical 
advantage, and only enables us^ ta change the 



Mtchme Powers. *<3> 

tftcction. This is evident frbm the figure, whei^ 
the two equal weights W and P balance each 
other as exactly as the arms of a balance or scale 
beam^ which are of equal lengths. Thus it 
gives a man no advantage, except that he can 
apply his weight instead of his strength in rais- 
ing a body from the earth, but then he can lift 
no more than his own weight. 

With a combination of pulleys, however, the 
case is different. For if a wright W hangs at 
the lower end of the moveable pulley D, and 
the cord GF goes under the pulley, and is fixed 
at the top of the hook H on one side, and nailed 
to the block C on the other ; it is evident that 
H and C between them support the whole weight 
W ; H supports one half, and C the other half. 
Now suppose I take the support of one of their 
halves upon myself, but merely change the di* 
rcction of my power, arid instead of holding up 
the cord at C, throw it over the immoveable 
pulley fixed there, and exert my strength below 
at P 5 it will be evident that I support one half 
the weight W, and the hook H supports the 
other. If therefore I draw the cord at P, the 
weight W will continue to rise, but wherever it 
rises, I continue to support but half its weight, 
while H supports the other. Thus, one single 
moveable pulley diminishes one half of the 
weight to be raised 5 if we should add another, 
it would diminish the half of that which re- 
maitied, and so on. For instance, if t weight 
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dL eight hundred poimds is to be raised^ I use 
one moveable pulley, and thac will lessea the 
traghtone half, that is, to four hundred;. I add 
another moveable pulley, and that will lessen the 
remaining four by one half, which is two hun- 
dred ; if I still add a third, that will lessen the 
remaining two by one half, which is one; so 
that if I use three moveable pulleys in. raising 
eight hundred weight, I shall be able to raise 
it with as much ease as. pue hundred, without 
them» 

As a system of pulleys have no great weighty 
and lie in a small compass, they are easily car- 
ried, and can be used in many cases where more 
cumbrous engines cannot. They have much 
friction, however, because the diameter of their 
axis bears a very considerable proportion to their 
own diameter, because they are apt to rub against 
each other, or against the sides of the blocks and 
because the rope that goes round them is nevec 
perfectly pliant. 

IV. The inclined plane is very justly regarded 
as the fourth mechanic power, though some have 
rejected it altogether. The advantage of this 
machine (if you will admit of that term) is, that 
by means of it a heavy body may be made to 
ascend a given height with much less power than 
it would require to raise it the same height if it 
was perpendicular. This is a very common mode 
of assisting bum^n strength ; you will see every 
day porters, when they have to roll a cask or. 
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bale up the step of a warehouse^ place a board 
along from the step to the ground^ which ren* 
ders the ascent gradual and easy. The power of 
the iucHned plane is as great as its length exceeds 
its perpendicular height. For instance^ let AB 
(PI. XXII. fig. 100.) be aplane parallel to the bori"* 
zon, and CD a plane inclined to it ; and suppose 
the whole lengtlvCD to be three times as great as 
the perpendicular height AC ; in this case the cylin- 
der £ will be supported upon the plane CD^ and 
kept from rolling down upon it by a power equal 
to a third part of the weight of the cylinder.. There«> 
fore^ a weight may be rolled up this inclined 
plane with a third part of the power which would 
be sufficient to draw it up by the side of an up- 
right wall. If the plane was four times as long 
as high^ a fourth part of the power would bis 
sufficient; and so on, in proportion. Or, if a 
weight was to be raised from a floor to the height 
AC, by means of the machine ABCD, (which 
would then act as a half wedge> where the re- 
sistance gives way only on one side) the machine 
and weight would be in equilibrio when the power 
applied at AC was to the weight to be raised as 
AC to AB ; and if the power is increased^ so as 
to overcpme the friction of the machine against 
the floor and weight, the machine wilLbe driven, 
and the weight raised ; and when the machine 
has moved its whole length upon the floor, the 
weight will be raised to the whole height froox 
AtoC* 
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V. The wedge is nearly allied to the inclined 
plane ; indeed it may properly be considered as 
two equally inclined planes joined together. You 
know that its uses are to cleave or separate wood 
er stone, or any heavy bodies that adhere toge«- 
ther. The power of the wedge is as its length 
to the thickness of its back. To show how we 
may calculate the force of a wedge, let a (fig. 101} 
be a wedge, which is interposed between the two 
cylinders c and n, which are pulled against the 
wedge by the two weights r and s, representing 
the resistance to be overcome by the force of the 
wedge. If then r and s influence the cylinders 
each with a force equal to two pounds^ the re- 
sistance to be overcome will be equal to four 
(>ounds. Now the length of the wedge a is 
twice the thickness of its back^ and the weight 
0j suspended to it^ is two pounds. Here^ tben^^ 
is a resistance equal to four pounds overcome by 
H weight of two pounds, by means of a wedge^ 
tlie length of which is double the thickness of 
\U back^ This explains sufficiently what a wedge 
viU be able to effect by simple weight or pressure; 
but we see every day, where a hard stone or a 
niece of tough wood is to be cleft by a wedge, 
that a ton weight would not force it in, when a 
smart stroke of a hammer, which has not a for- 
tieth part of that weight, will effect it at once. 
In this C9se we are to have recourse to what was 
said in t|\Q lastlectureon the momentum or force 
which is gained by the velocity of a moyinE 
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hoiyj and consider that the momeolum of « 
hammer consists of its weight multipKed by th^ 
velocity with which it moves (which is coD«ide« 
rable), and then the effect will appear less ex« 
Uaordinary. 

VI. The screw {6g. I02i) may properly be con* 
sidered as an inclined plane wrapt round a cy* 
Koder. The power of the screw is therefore as 
the length of each<spiral or thread is to its height^ 
or^ in other words^ as the circumference of the 
threads to their distance, from one another. The 
acrew^ howevdr, -can only be wrought by means 
of a handle- or winch^ which is, in fact^ a lever ^ 
and it may, therefore, be regarded as a com«> 
ponnd machine. To estimate its force, then> 
kt ns suppose that I desire to screw down the 
press G upon B ; every turn I make once round 
with both handles, I sbaJl drive the press only 
one spiral nearer toB ; so that if there are eleven 
spirals, I must make eleven turns of the handles 
FL, before I come to the bottom. In pressing 
down the screw, therefore, I act with a force as 
much superior to the resistance of the body I de« 
sire to press, as thcf circumference of the circle, 
which my hands describe in turning the machine, 
exceeds the distance between two little spirals of 
the screw. For instance, suppose the distance 
between the two spirals to be half an inch, and 
the length of both handles twelve inches. My 
hands placed upon them in going ronnd will de- 
soiibd^ circle, whicb> upon oaldulati6n, will be 
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found to1>e seveaty-six inches nearly^ and coirae- 
quently this will be an hundred and fifty-two 
times, greater than half an inch, which* was the 
distance; between two of. the spirals. Tbus^ if a 
body is to be pressed down with this- machine, 
one man will pres» it^. with this assi&tance^. as 
much as aa hundred and fifty-two. men without 
it. Or if the screw was.^o contrijred as to raise 
the weightinstead of pressing it, which sonieiimes 
is the case, the human force. wouU.be assisted in:> 
the same proportion with, the same; instnament.. 
But we here only speak as if. the handles o£ the 
^rew were but twelve inches across,. and the 
spirals a whole half inch distant from, each other ;. 
what if we suppose the handles ten times as long, 
and the. spirals five times its close ; the increast 
of the human force then would be astonishing i 
The power of the scrbw may, however, be still 
Qiore correctly estimated by what is called? the 
perpetual screw^ To .expUin 4.hi8>. let the. wheel 
C (fig. 103.) haveascrew ab on its axle, working 
in the teeth of the wheel D, which suppose to 
be forty-eight in number. It is plain, that foe 
every time the wheel C and screw ah are turned, 
round by the winch A^ the wheel D will be mo- 
ved one tooth by the screw ; and^ therefore, in 
fprty-eight revolutions of the winch, the wheel. 
D will be turned once round. Then, if the cir- 
cumference of a circle described by the haudle 
of the wincl^ A is equal to the ctrcumfere»ce of; 
a grpoye e round the wheel D^ the velocity of.the . 
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liamlle will be forty-eight times atf great as the 
velocity of any given point in the groove. Conse- 
quentiy^ if a line goes round the groove e, and 
has a weight of forty-eight pounds hung to it 
below the pedestal £F^ a power equal to One 
pound at the handle will balance and support the 
weight. To prove this by experiment^ let the 
circumferences of the grooves of the wheels C and 
D be equal to one another ; and then if a weight of 
one pound is suspended by a line going round the 
groove of the wheel C^ it will balance a weight 
of forty -eight pounds hanging by the line g ; and 
a small addition to the weight H will cause it 
U> descend^ and so raise up the other weight. 

If the line g, instead of going round the 
groove € of the wheel D, goes round its axle I, 
the power of the machine will be as much in- 
creased as the circumference of the groove e ex- 
ceeds the circumference of the axle : which^ 
supposing it to he six times^ then one ^])ound at 
H will balance six times forty-eight, or two 
hundred and eighty -eight pounds himg to th^ 
line on the axle : and hence the power or advan** 
tage of this machine will be as two hundred and 
eighty-eight to one. That is, a man who, by 
his natural strength, could lift a hundred weighty 
will be able to raise two hundred and eighty eight 
hundred weight or 14 tons 8 hundred by this 
engine. 

But the following engine is still more power- 
ful^ oa account of its having the addnion of 
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four pulleys ; and ifi it we may fedk upon all th^ 
mechanical powers as combined together^ even 
if we take in the balance. For as the axle D of 
the bar AB (iig. 104.) enters its middle at C, it is 
plain that if equal weights are suspended upon 
any two pind equi-distant from the axis C^ they 
will counterpoise each other. It becomes a lever 
by hanging a amall weight P upon the pin riy and 
a weight as much heavier .upon either of the pins 
2^5 dj or e^ as is in proportion to the pins being 
so much nearer the axis. The wheel and axle 
FG is evident ; so is the screw £ which takes in 
the inclined plane> and with it the half wedge* 
Part of a cord goes round the axle^ the rest un- 
der the lower pulley K, over the upper pulley L, 
under k^ over l^ and then it is tied to a hook at 
M in the lower or moveable blocks on which the 
weight W bangs. 

In this machine, if the wheel F has thirty 
teeth^ it wiH be turned once round in thirty re- 
volutions of the bar AB, wihich is fixed on the 
axis D of the screw £ : if the length of the bar 
is equal to twice the diameter of the wheel, the 
pins e and n at the ends of the bar will move 
sixty times as fast as the teeth of the wheel do ; 
and, consequently, one ounce at P will balance 
sixty ounces bung upon a tooth q in the hori* 
eontal diameter of the wheel. Tlien if the dia- 
meter of the wheel F is ten times as great as the 
diameter of the axle G^ the wheel will have ten 
times the velocity of the axle 3 and therefore 
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oae ounce P al the end oi the lever AB will ba« 
lance ten times sixty, or six hundred ounces 
huug to the rope H which goes round the axle. 
Lastly^ if four pulleys are added, they will make 
the velocity of the lower hlock K, and weight 
W, four times less than the velocity of the axle; 
and this being the last power in the machine, 
which is four times as great as that gained by the 
axle^ it makes the whole power of the machine 
four times six hundred, or two thousand fou( 
hundred. So that if a man could lift one hun- 
dred weight in his arms by his natural strength, 
he would be able to raise two thousand four hun- 
dred times as much, or 120 ton weight, by this 
engine* But it is here as in all other mechanical 
cases ; for the time lost is always as much as the 
power gained f because the velocity with which 
the power moves will ever exceed the velocity 
with which the weight rises, as much as the in- 
tensity of the weight exceeds the intensity of the 
power. 

The friction of the screw itself is very consi- 
derable ; and there are few compounii engines 
which will not, upon account of the friction of 
the parts against one another, require a third 
part more of power to work them when loaded, 
than what is sufficient to constitute a balance be* 
twcen the weight and the power* x ' 

Some philosophers have considered the wheel 
and axle, and the system of pulleys, as only mo- 
diiications of the lever ; and the -wedge and the 
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screw as modifications of the inclined plane. 
If this is admitted^ we shall then have^ instead 
of six, only two mechanical powers. The mo* 
difications and combinaticxis of these are, how- 
ever^ almost endless, and wonders are performed^ 
when to these means of increasing force are 
added the most powerful agents in nature, wind^ 
water, and steam, as exemplified in the wind*- 
mill, the water-mill^ and^ d[)ove all^ the steam-- 
engine. 
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LECTURE XVII. 

ASTRONOMY. 



SYSTEM OF THE UNXVERSE. 

AsTKONOMY is that science which treats of the 
heavenly bodies. 

It is by the means of this science that we know 
the movement of those bodies, the duration of 
their revolutions, whether apparent or real, their 
position and their respective distances, &c. 

The origin of astronomy is very obscure, and 
appears to be also very antient. ** There is no 
doubt/* says Cassini*, "but that astronomy was 
known almost from the beginning of the world. 
It was not only curiosity which led man to the 
study of astronomy, but it may be said that ne- 
cessity itself obliged him to it. For if he did 
not observe the seasons which result from the ap- 
parent changes of the sun's place, it would be 
impossible to succeed, in the practice of agricul- 
ture and other useful arts." 

Astronomy, ever^i if it could be considered as 
useless to man, derives from its very nature a cer- 
tain degree of dignity. But let it be remembered, 
that upon it navigation, geography, and chrono- 
logy greatly depend. By its aid ijjan passes the 

• Memoirs of the Academf of Sdencet, vol. viii. page t, 
VOL. I. M 



242 Astronomy. [Lecture 17- 

seas, and penetrates into foreign climates, ber«> 
comes acquainted with those which be inhabits^ 
and regulates the dates of ages past. 

Hipparcbus laid the principal foundations of 
a methodical system of astronomy one hundred 
and forty- seven years before Christ. On the ap- 
pearance of a new fixed star, he took occasion to 
make a general catalogue of the stars, assigning; 
to each its place in the heavens, and its magni- 
tude, so as to enable posterity to ascertain ^ 
ii('hetl)er any new star had appeared, or any of 
those which be bad observed had suffered any 
change. Ptolemy, about two hundred and eighty 
years afterwards, added his observations to those 
of Hipparcbus; and by the natural advantage 
which he {possessed oyer bis predecessor, he was 
enabled to rectify greatly the observations of the 
former philosopher. Ptolemy was the last of the 
Greeks who made any considerable improve- 
^ments in the science of astronomy. It was after- 
wards cultivated by the Arabians with great assi« 
duity and success, but did not meet with any 
encouragement in Europe till about the middle of 
the 13th century. At this period AJphonsusthe 
Tenth, king of Castile, became its zealous patron, 
and immortalized himself by a series of astrono* 
mical tables, which were published under bis di- 
rection, and were distinguished by the name of 
the Alphonsine tables. 

It was not, however, till the sixteenth century 
that astronomy was placed upon its proper basis 

4 
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as a science, by the system of Copernicus*, pub- 
lished at Nuremberg in 1543, and afterwards 
brought to perfection by Kepler, Galileo and 
Newton: — a system so bold and daring, that it 
produced general astonishment, and yet its truth 
has been confirmed by the observaiions of every 
succeeding age. 

The surface of the heavens seems to us to be 
strewed with stars ; between the fixed stars and 
us there seem to be other stars which change 
their situations respectively one towards another, 
and these all astronomers have agreed in calling 
planets J or wandering stars. 

The antient philosophers, who knew so verv 
little even of the movements of the planets, bad 
no means of knowing the true disposition of 
their orbits ; and this is the reason they vary so 
greatly in their opinions. They supposed, at 
first, the earth to be immoveable, as the center 
of the universe, and that all the celestial bodies 
turned about her ; which, indeed, was natural 
for them to believe, without having discussed the 
proofs to the contrary. 

It is asserted, however, that the Babylonians, 
and afterwards Pythagoras and his disciples, con- 
sidered the earth as a planet, and the sun as ini- 
moveable^ and the center of our planetary sy- 
stem. 

Platoissaidtohavebeeathereviverof thesystem 

• Boro at Thorn, in Royal Prussia, ia 1473. 
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of the immobility of the earth ; and many philo- 
sophers followed his opinion; among others was 
Claudius Plolemv, the celebrated astronomer aiid 
mathematiciao of Pelusium in ^gypt^ already 
mentioned, who lived in the beginning of the 
second century of the christian aera. It is, how- 
ever, incredible that, the true system of the world 
having been once discovered, the hypothesis by 
which the earth is supposed to be the center of 
the celestial movements should have again pre- 
vailed ; for though this hypothesis accords with 
some of the most obvious appearances, and seems 
to agree at first with the simplicity of nature, yet 
it is impossible on that system to account for all 
the celestial phenomena. 

Ptolemy, who has given the name to this system, 
endeavours to prove that the earth T (PI. XXI 1 1. 
fig. 105.) is immoveable as the center of the uni- 
verse ; and he places the other planets round about 
her in the following order, beginning with those 
which he believes the next to the Earth : the 
Moon l: , Mercury ^ , Venus 5 , the Sun 0, 
Mars $ y Jupiter 1/ , and Saturn I7 , till he comes 
at length to the fixed stars. When, however, as- 
tronomers had begun to observe the planets, they 
remarked that Mercury and Venus are sometimes 
neaier and sometimes farther from us than the 
Sun ; and that Venus never departs from the Sun 
more than about forty-seven degrees and a half; 
and Mercury about twenty-eight degrees and a 
half, and sometimes much less. But it is evi- 
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dent that if these two planets were turned about 
theBlarth, as they supposed tKe Sun himself turn- 
ed, they would sometimes appear opposite lo 
the Sun, or more distant from him than one 
hundred and eighty degrees ; which never happens. 
Tliis is the reason why the Egyptians regarded 
these two planets as satellites of the Sun, and 
thought that they turned about him, their orbits 
being carried with him in his revolutions about 
the Earth. They therefore supposed the Earth T 
(fig. 106.) immoveable, as the center of the sy- 
stem ; and they supposed the other celestial bodiea 
to turn round her : first, the Moon D ; secondly, 
the Sun © ; about which they made Mercury ^ 
and Venus ? to revolve, till they came to Mars c?, 
Jupiter 11 , and to Saturn fj j ^^d lastly to the 
fixed stars. 

At the present day, however, when we know the 
immense distance at which the stars are placed, 
both these systems become insupportable. They 
require that all the heavienly bodies should go 
through the whole course of their orbits in about 
24 hours, which would give to the fixed stars a 
rapidity of motion that exceeds all belief: — nay, 
the Sun himself would in a single second have to 
describe a space of more 'than two thousand five 
hundred miles. 

Copernicus, with a view of obviating th*. in- 
conveniences of the imaginary systems that 
preceded him, commenced at fifst by admitting 
the diurnal motion of the Earthy or her motiuM 



-46 Astronomy. [Lecture 17* 

round her own axis, which rendered nseless that 
prodigious celerity in the motions of the heavenly 
bodies, of which I have just spoken, and by these 
means simplified the system. This oootion once 
admitted, it was no violent step to admit of A 
second n)otion of the Earth in the ecliptic. 
These two motions explain, with the utmost faci- 
lity, the phenomena of the stations and motions 
of the planets. According to Copernicus, then j 
the Sun S (PL XXIV. fig. 107.) is the center of onr 
planetary systenv, and the planets turn about him 
in the order following ; Mercury 5 , Venus 5 , 
the Earth 3, Mars <?, Jupiter If, Satura f^ i 
(to which we may add Ceres, Pallas, Junoy 
and the Georgium Sidus £) at a distance from 
the Sun, nearly as the numbers 4, 7^ 10, l&, 5?, 
95, 191. The Moon, also, he supposed, to bu 
carried round the Earth in an orbit which goes 
along with th^ Earth in her annual revolutioil 
round the Sun, In like manner about Jupiter^ 
Saturn, and the Georgium Sidus, are the four sar 
tellites of the fir&t, the five satellites of the second^ 
and the two satellites of the third. 

Although the celestial phsenomena explain 
themselves with the greatest facility according to 
the system of Copernicus, and though observa- 
tion and reason arc equally favourable to it, yet 
it was rejected by an able astronomer who flou- 
4-ished soon after his own time. Tycho-Brahe, 
from the experiment that a stone thrown from a. 
Jligh" tower fell at its foot, argued that the Earth 
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jAxssi be witbottt motion^ nc^tt reflecting that 
the Eartlh, in lihatcasey is like a vessel in full 
Bail, when if a sione is thrown from the mast, 
it wouM fall at the foot of that mast, provided 
^he motion of the vessel was neither accelerated 
nor retarded during the fall. Tycho-Brahe, 
ibereforie^ iavented a system between that of 
Ptolemy and tJial of Copernicus. He supposed 
<tb2t tfae£arth was at rest, and that the other pla- 
nets revolving round the Sun, turned also with 
him romid the Earth in twenty- four hours. It 
was towards the end of the sixteenth century 
ih^ he proposed his system. He placed the 
£artli'(fig*^108.} immoveaJbie, as the center, and 
made the Moon turn round her, as well as the 
Sun S, and the fixed stars: the other planets, viz^ 
Mercury, Venus, Mars, Jupiter, and Saturn, 
tnrning round the Sun, in orbits which are car- 
ried with him in his revolution round the Earth. 
As the. system of Tycho-Brahe requires the same 
rapidity of motion as that^* Ptolemy and of the 
Egyptians, it is at once annihilated by the same 
arguments. 

Leaving, however, for the present the history 
of astronomical discoveries, I shall reqaestyour 
-attention to the celestial phanomena. 

There are evidently two sorts of stars ; the one 
luminous of themselves, and throwing light on 
every object which surrounds them to a certain 
distance ; such as our Sun, and those which we 
tall fixed stars. The others are ppake bodies, as 
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havini; a star in it, which mikes it appear more 
bright. A fifth isin jlhe constdlaiion of Her-- 
cules, between the stars ^ and ij, which spot, 
though but small, is visible to the naked eye^ if 
the sky is clear, and the Moon absent. 

Dr. Herschell has discovered other appearances 
in the heavens, which he calls nebulas or cloudy 
stars, Tbey are stars surrounded by a faint lu- 
minous substance of a considerable extent. What 
the nature of this substance inay be we^ cannot 
form any very rational conjecture, but the phaeno- 
menon is certainly very curious and interesting. * 

* Before I proceed any further in explaining the solar 
System, it seems proper to make the student acquaintcsd with 
the principal words and phrases which are appropriated to 
tliis science. 

The ghbe or sphere is divided into two equal haives or 
hemispheres by one great circle, which for that reason it 
called the equator or equinoctial. 

The poles are the extremities of the axis tun ^icb thfe 
globe turns. 

The ien$ibie horizon is a circle which' separates the risible 
from the invisible hemisphere, or that which is the boundary 
of our sight, and which Seems to bring the apparent arch of 
the heavens in contact with the earth. 

The rational horizon is a great circle, parallel with the 
former, but which would divide the globe into equal portioos. 

A parallel sphere is so calhed because sunder it the eq^tft- 
ior coincides, or is parallel with tb^ horizoit. The polet 
are in the zenith and . nadir ; that is, oi^e pole is directiy 
over the head of the spectator, and tlie atlier directly under 
his feet. The inhabitants of this sphere would be those, 
if it was habitable, (which, however, we may venture to 
decide in the oegaiive, from the extieme (xAi^) that Iive4 
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nnder the poles, who could have but one day and one night 
in the year. The day continues six months, while the sun 
passes through six signs of the zodiac, and the night six 
mont-hs, while he passes through the other six. Tiie day,, 
under the north pole, begins when the sun enters aries, and 
continues till he reaches libra; when night commences, and 
continues the other six months. ^ 

Under the. south pole the direct contrary happens, it be^ 
ing day there when it is nia;ht in the former situation, and , 
the contrary. But at both the poles there is along conlinu' " 
ance of twilight, both after the sun has departed and be^ 
fore he appears. 

The polar inhabitants (if there are any) see the sun for 
half the year, moving continually round above the horizon^ 
in a spiral line; the first round skimming the skirts of the 
% horizon; the second, higher; and so on, till, by ninety revo^ 
lutions, he has reached the tropic, his utmost declination ; 
after which, by ninety more revolutions, he again reaches 
the horizon, and then long winter nii^ht begins. 

A right sphere is so called, because under it the equator 
cuts the horizon at right angles. The poles will lie or be 
in tfie horizon. The equator will be in the zenith and 
nadir. 

The inhabitants of this sphere are those who live under 
the equinoctial line, and have their days and nights always 
equal, viz* twelve hours each; because not only the equator 
but also all the parallels of latitude are cut into two equal 
parts by the horizon. And therefore, as the suq*s diurnal 
arches are equal to the nocturnal, each day must he equal 
to the night, viz. twelve hours each. The sun rises and 
sets nearly in a perpendicular directioEf. He conies to the 
meridian with th^same degree of the equator with which 
he rose; and hence there can be no ascensiMial difference. 
He is half a year on one side of their zenith, -and as muck 
on the other ; passing over their zenith but twice a year, 
viz. at the equinoxes. 

An Miquc sphere is so called because in k the ^ator 
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cuts the horizon obliquely. This portion of the globe is 
common to ail the inhabitants of die earth, except those 
who are situated under the polos, and under the equfaoctial. 
The properties of this sphere ai;e as follow : the pole is ele- 
vated to any degree less than ninety, the axis of the earth 
always making an acute angle with the horizon, ^il the 
parallels to the equator cut the horizon obliquely, making 
the diurnal greater or iess than the nocturnal arches ; and 
consequently producing an inequality in the days and nights, 
which are neverequal but when the sun is in aries and libra, 
which happens in March and September, when he moves 
in the equator, making equal days to all the inliabitants of 
the earth, except tliosc under the poles. The inhabitants 
of this sphere, who live without the tropics^ never have the 
sun in their zenith, but under the tropics he is vertical 
once, and between the tropics and the equator twice, every 
year. The stars rise and set obliquely io this position; and 
the nearer the observer is situated to the equator Uie greater 
number of them will be visible. The lengtli of the twilight 
is longer or shorter in this position, according as the latitude 
is greater or less. The moon when at full being always in 
an opposite sign to the sun, must in summer be in the winter 
signs, and consequently make a short, low course. But in 
-winter she will move through the sunmier signs, making a 
high, long circuit, which is of greater use in that dreary 
season. ^ 

The Antetciiy or Antcecians, are those inhabitants of the 
globe who have the same longitude with us, but are as far to 
the south of the equator as we arc to the north. Their hour 
is the same as ours, it being noon, &c. with both at the 
same time. , Their days are^ equal to our nights, and the 
contrary. And tlieir summer is our winter. 

The FeriaeUy or Perioecians, are those that lie under the 
same pairaUel of latitude with us, on the same side of the 
equator, only are distant one hundred and eighty degrees of 
longitude, viz. a semicircle. 

They have cootrary hours^ it being noon with tbem 
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when it is midnight with us* Their days and nights are of 
the same length with ours, 'their season or time of • th^ 
jear is ilso the same as with us. 

lihe Antipodes are such inhabitants as have the same lati* 
tude south as we have norths but differ one hundred and 
eighty degrees in longitude ; that is, they and we liave op- 
posite parallels and opposite meridians. Their hour is di- 
rectly the reverse of ours, it being noon with them when it 
is midaigbt with us. Their longest day is our shortest day, 
and their longest, night our shortest night. The four seasons 
are contrary, their summer being our winter, &c. They 
are called Antipodes, because their feet are opposite to 
our feet ; that is, they go with their heads downwards in 
respect of us. 

The Amphiscii are so called because their shadows are 
cast different ways at noon at different times of the year ; 
that is, their shadow sometimes points to the north, and 
sometimes to the south : therefore it is easy to perceive 
that these people live in the torrid «zone^ that is, between 
the tropics. 

A great circle isone the plane of which passes through the 
center of the sphere, 

. A secondary to a great circle of the sphere is a great 
circle passing through its poles. 

The angular distance of a heavenly body from a great 
circle is an arch of the secondary to the great circle passing 
through the body and intercepted between it and the great 
circle. 

Altitude is the angular distance of a heavenly body 
from the horizon. The meridian altitude of the sun is the 
height of it from the horizon at twelve o'clock. 

Declination is the angular distance of any heavenly body 
from the equinoctial or equator, and is called north or 
south, according to the side of the equinoctial on which 
the declination is. 

Right ascension is an arch of the equinoctial contained 
between the first of aries ^ and the point of it that is cut 
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by a secondary to the equinoctial passing through the hea^ 
Venly body. 

Oblique ascension is that arch of the equinoctial which 
is contained between the first of aries and the point of the 
equinoctial which is cut by the horizon at the rising of tlie 
heavenly body. 

Ascensional difference is the difference of d egrecs between 
"tiie right and oblique ascension, which converted into time, 
hy allowinjr fifteen degrees for every hotir, show^how much 
the sun or star rises or sets before or after six ; that is, sub^ 
tract the less^ from the greater number, and rfie remainder 
%ill give the ascensioi^al difference. ' 
' Amplitude is an arch of the horizon contained betweeA 
the true east or west points andithat point of the horizon 
where the heavenly body rises or sets, and is called north or 
south amplitude accordingly. 

Azimuth is an arch of the horizon intercepted between 
the north or south points and that point of the horizon to 
which the heavenfy body is referred by a seeondary passnij^ 
tJ^roughit. 
^ Almacanihers are lesser circles parallel to the horizon. 

The latitude of a heavenly body is its angular distance 
from the ecliptic,, and is called north or south latitude ac- 
cording as the body is on the north or south side of th^ 
ecliptic. 

The longitude of a heavenly body is an arch of the eclip-^ 
tic intercepted between the first of aries and the point of 
it, which is cut by a secondary to the ecliptic passing through 
the heavenly body. 

' The armiilar^ sphere is an instrument composed of the 
principal circles wliich are usually drawn upon an artificial 
globe. 

The coturei are two sec6tidaries to the equinoctial; the 
one passing through the equinoctial points, and called the 
equinoctial colure, the other passing through the solstitial 
points, and called the solstitial colure. 

Ihe ecliptic is a great circle of the sphere, in which the 
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son always appears to move, so called because edipseft gene- 
rally liappen when the moon is in or near this circle. The 
obliquity of the ecliptic is the angle it makes with the 
equatof, which is ncKv about twenty-tliree degrees twenty- 
eight minutes. 

The equinoxes are the two points where the ecliptic cuts 
the equator, so called because when the sun is in either of 
these situations the days and nights are equal to each other. 

Tlie geocentric place of n plsnct is that position which it 
has when seen from the earth. 

The terminator 1%^ that great circle which divides tW en- 
lightened hiFiniisphere from the ^ark hemisphere of any 
planet. 

The heliocentric place of a planet is that in wliich it would 
ftppear to k spectator placed in the sun. 

The sestile is an aspect of the heavenly bodies when thdy 
<u% sixty degrees distant from each other^ and is denoted in 
wa ephenieris by *. 

Trine'is an aspect of the planets when they are a hundred 
Hod twenty degrees distant from each other, and in an ephe* 
nj«r is is denoted Jby a« 
The diurnal Parallax of a heavenly body is the aAgular 

distance between the place* of the body, when referred to 
™e heavens, as ^een from the center and tlie surface oi the 
earth 

The annual Parallax, or the parallax of the earth's or- 
wt, is the €U)gular distance between the different places of 
the body, as seen from opposite points of the earth's orbit. 

Apogee is that point of the orbit of a planet or the 
imaginary orbit of the sun which is furthest from the earth* 

Perigee is that point in the orbit of a planet, &c. wheu it 
18 nearest to the earth. 

Aphelion is the point of an orbit most distant from the 
sun. 

Perihelion is that point of an orbit nearest the sun* 
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LECTURE XVIII. 

ASTRONOiMY, 



or THE SVNy AND HIS REAL AND APPARE1>9T 

MOTIONS. 

1 HE sun with the planets and comets which 
move round him as their center constitute what 
is called the solar system. Those planets which 
are near the sun not only finish their circuits 
sooner, but likewise move faster in their respec- 
tive orbits than those which are more remote 
from him. Their motions are all performed 
from west to east in orbits nearfy circular^ or 
more properly elliptical. ' 

The sun, the center of the system, is very 
generally considered as composed of the matter 
of light and heat, whether these are to be re- 
garded as essentially the same or not ; perhaps 
it will be speaking more correctly to say, that 
he is the source of both, and that he both 
warms and enlightens the bodies which surround 
him. The sun has two apparent motions, the 
diumalaLnd the annuaL In the first he appears 
lo revolve round the earth in the course of a 
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solar day, or about 24 hours ; by the other he 
appears to traverse that circle in the heaven* 
which is called the ecliptic in the course of the 
«olar year.. It^is almost unnecessary to tell 
you that neither of these motions is real. For 
the first depends upon the earth's rotation on its 
own axis, and the second on her annual revo- 
lution round the sun. This deception of our 
senses with respect to the sun and heavenly 
bodies appearing to move may be compared 
to that which we experience, when sailing in 
a vessel within sight of the shore, when the 
trees and villages appear all moving in a con- 
trary direction, and we ourselves to remain at 
rest. 

But though the vulgar language of astronomy 
is thus, as M. Voltaire observes, a tissue of 
falsehood, it yet conveys no deception to those 
who are once acquainted with the true prin- 
ciples. Thus, though we know that the sun 
does not change his place in the heavens, and 
that it is the earth only which moves, yet it is 
no absolute solecism to say that the sun is in 
aries, or any other point of the heavens ; for with 
respect to us be is to all intents and purposes 
apparently there. To make this clear by a very 
easy diagram : Let us for a moment suppose the 
earth the center of the system at S, (PI. XXV. 
fig. 109.) and the sun to revolve round it in the 
orbit ABCD ; and let EFGH represent what 
appears to us the concave sphere of the starry 



7 



582 Astrontmiy. [Lecture 18. 

heavens. As the sun moves in this supposed 
orbit, when he is at A he will appear to a 
spectator at S to be at E among the fixed stars, 
when at B he will appear at F, when at C at 
H, &c. 

Now let us reverse the supposition, and con- 
sider ^the place of the sun as it really is at S, 
and let us regard ABCD as the earth's orbit^ 
and we -shall find the result substantially the 
same as to the appearance of the sun in the hea- 
vens. That is, when the earth is at A, the 
sun will appear among the stars at H ; when 
at B, the sun will appear at G ; when at C, 
the sun will be at E. Though the sun there- 
fore does not ia reality change his place, you 
must perceive that to a spectator on the earth 
he will in fact appear to describe the same 
circle EFGH in the starry heavens, as if he 
had been the moving body instead of our earth.- 

The earth's orbit being an ellipsis, the sua 
is not always at equal distances irom it. When 
kx his apogee, the sun is about 1 171468 leagues 
further from us than whqn in his perigee. In 
this last case then it would appear that we 
should derive from him a greater degree of 
beat. The difference of temperature between 
gummer and winter does not, however, depend 
solely on ouc proximity to the sun or our 
distance from him, thougfh this cause is not 
without its influence ; iot in truth the sun 
is in his apogee in our summer, and in his 



T* 



Thfi Sun and his real and apparent Motions. !26d 

perigee in winter. The heat of summer depends' 
chiefly on three other causes. 

l5t. In summer the solar rays strike less ob- 
liquely upon the earth than in winter ; and- 
it may be demonstrated on the principles of. 
mechanics, that a body which - acts perpendi- 
cularly upon another acts with' all its force; 
whereas if it acts obliquely, its force is less in 
proportion to the degi-ee of the obliquity. The 
rays of light follow the same laws as other 
bodies, and consequently their action might be 
measured by the sine of their angle of incidence. 
There is no necessity for a diagram to explain 
what is now laid down, since it is obvious that 
as the equator divides the earth into two equal 
parts, when the sun is on this side of it (as he 
is in summer) his rays must strike more ver- 
tically, or more in the perpendicular line, than 
when he is in the southern tropic. 2d. lu 
summer also, the rays falling more vertically,' 
have less of atmosphere to pass, and that at-^ 
iDosphere is less dense or clouded.. 3d. In sum- 
mer the sun continues a longer time above the 
horizon than below it ; and consequently there 
is time for the earth to accumulate a greater 
portion of heat than in the days of winter. 

Since the sun is furtlier from us in summer 
than in winter, it follows that the inhabitants 
of the opposite (the southern) hemisphere must 
have (all other circumstances equal) more heat 
during their summer, and more severe cold 
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during their winter^ than we have ; and this is 
found to be case. 

In the last lecture I mentioned the signs of 
the zodiac, or those which the planets traverse 
in their revolution about the sun^ and through 
which the sun himself apparen^/y passes in con- 
sequence of the annual revolution of the earth. 
To these 12 signs the names of the 12 constella- 
tions of the zodiac are given ; wemust^ however^ 
not confound these signs in the heavens with the 
constellations which bear these names. In the 
time of Hipparchus the sign and the constella- 
tion Were nearly the same^ and each of the con- 
stellations occupied with sufficient exactness that 
12th part of the zodiac which bore its name. 
But at present this is not the case : the sign 
Aries, which is the first, denotes the first portion 
or 1 9th part, that is, the first 30 degrees on the 
circle of the ecliptic, counting from that point 
where that circle intersects the eqi^ator ; but the 
constellation Aries is an assemblage of stars 
which formerly corresponded with the place of 
the sign, but which is now advanced about 
30 degrees, so that in fact the constellation Aries 
now occupies the place of Taurus ; Taurus that 
of Gemini, &c. 

The first point of the zodiac, or, as it is called, 
the first point of Aries, is at the point where 
the equator intersects the ecliptic. It is from 
this point that astronomers begin to count the 
longitude of the fixed stars ; and this point also 
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point also constitutes the vernal equinox. This 
point however is found to recede westward every 
year about 50 seconds of a degree* The fixed 
stars of course appear to have advanced every 
year in the same proportion, by a movement 
which is general and common to all, about the- 
poles of the ecliptic. T^eir longitude is there- 
fore annually auginented in this proportion. 

This general movement of the fixed stars^ and 
this difference of longitude, depend upon what 
is called the precession of the equinoctial points y. 
and this precession, astronomers say, is pro- 
duced by the attraction of the sun and mooti 
upon the spheroidal figure of the earth, which is 
know^n to be not a perfect globe, but rather 
-flatted at the poles. By means of this attraction 
acting more powerfully upon the equatorial re- 
gions, the pcjies of the equator make a circle 
about the poles of the ecliptic, the diameter of 
which is about 47 degrees. Hence, if the sunf 
IS one year in conjunction with a particular star 
^i th« instant of the equinox, he ought the 
succeeding year to be at the equinox before he 
conies in conjunction with the same star. The 
arrival of the sun at the equinoctial point there- 
fore precedes the termination of his revolution, 
and hence is derived the phrase ihe Recession 
of the equinoxes. 

The fixed stars appear every day t(» make an 
entire revolution round ihe earth. The sifn, I 
have said, makes the same apparent diurnal re- 

yoi.. I. fif. 
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volution. But the diurnal motion of the sun 

is apparently slower than that of the fixed stars. 

It is almost needless to repeat to you that these 
appearances are caused by the daily rotation of 
the earth upon its axis, which is accomplished 
in 23 hours 56 minutes and 4 seconds. If^ 
however, the earth only turned upon its axis ^ 
aod if while it turned in this manner it did not 
advance in its orbit, the apparent diurnal move- 
ments of the sun and fixed stars would always be 
the same. The stars which had passed once 
over the same meridian with the sun would 
constantly repeat the same movement in the 
same time ; the winter and the sunmier night 
would at the same place present the same ecu - 
stellations. But because of the annual motion 
of the earth from west to east round the sun, in 
which it advances about 59 minutes and 8 se- 
conds of a degree in a day, the sun appears to 
advance in the same proportion in the ecliptic. 
This constitutes the difference between solar and 
sidereal time, in explaining which I shall make 
use both of the figure and the words of Mr. Fer- 
guson. 

'' Let A BCDEFGHIKLM be the earth's orbit, 
(Pi. XXV. fig. 110.) in which it goes round ihe 
sun every year, accordmg to the order of the 
letters, that is, from west to east ; aqd turns 
round its axis the same way from the sun to the 
sun r.gain in every 24 hours. Let S be the sun, 
and L (in fig, 109) a fixed star at such an im- 
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mense -distance, that the diameter of the earth's 
orbit is but a point in proportion to that distance. 
Let N m be any particular meridian of the 
earth, and N a given point or place upon that 
meridian. When the earth is at A the sun S 
hides the star E, which would be always hid if 
the earth never removed from A; and coise- 
quetitly, as the earth turns round its axis, the 
point N would always, come round to the sun 
and star at the same time. But when the earth 
has advanced, suppose a twelfth part'of its orbit 
from A to B, its motion round its axis will 
bring the point N a twelfth part of a natural 
day, or two hours,, sooner to the star than to 
the sun, for the angle N B n is equal to. the 
angle ASB : and therefore any star which comes 
to the meridian at noon with the sun when the 
earth is at A, will come to the meridian at 10 in 
the forenoon when the earth is at B. When the 
earth comes to C, the point N will have the star 
on its meridian at 8 in the morning, or four hours 
sooner than it comes round to the sun ; for it 
must revolve from N to 71 before it has ihe sun in 
its meridian. When the earth comes to D, the 
point N will have the star on its meridian at 6 in 
the morning, but that point must revolve six 
hours more from N to 72, before it has mid -day by - 
the sun : for now the angle A S D is a right 
angle, and so is N D n; that is, the earth has 
advanced 90 degrees in its orbit, and must turn 
90 degrees on its axis to carry the point N from 
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the star to the sun : for the star always* comes 
to the meridian when N m is parallel to R S A ; 
becau^ D S is but a point in respect to R S. 
When the earth is at E^ the star comes to the 
meridian at 4 in the morning ; at F, at 2 in the 
morning ; and at G, the earth having gone half 
round its orbit^ N points to the star R at mid- 
nighty it being then directly opposite to the sun. 
And therefore, by the earth's diurnal motion^ 
the star comes to the meridian 12 hours before 
the sun. When the earth is at H, the star 
comes to the meridian at 10 in the evening; at. 
I it comes to the meridian at 83 that is^ 16 hours 
before the sun ; at K 18 hours before him; at L 
20 hours ; at M 22 ; and at A equally with the 
sun asfain. 

" Thus it is plain, that an absolute turn of th« 
earth on its axis (which is always completed 
when any particular meridian comes to be parallel 
to its situation at any time of the day before) 
never brings the same meridian round from the 
»un to the sun again ; but that the earth re- 
quires as much more than one turn on its axis 
to finish a natural day, as it has gone forward 
in that time ; which, at a mean state, is a 365th 
part of a circle. Hence, in 365 days, the earth 
turns 366 times round its axis ; and therefore, 
as a turn of the earth on its axis completes a 
sidereal day, there must be one sidereal day 
more in a year than the number of solar 
^lays, be the number what 'it will, on the earth. 
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or any other planet, one turn being lost with 
respect to the number of solar days in a year, 
by the planet's going round the sun ; just as it 
would be lost to a traveller, who, in going 
round the earth, would lose one day by follow- 
ing the apparent diurnal motion of the sun ; 
and consequently would reckon one day less at 
his return (IH liim take what time he would to 
go round the earth) than those who remained alt 
the while at the place from which he set out. So, 
if there were two earths revolving equally on 
their axes, and if one remained at A until th« 
other had gone round the sun from A to A 
again, that earth which kept its place at A 
would have its solar and sidereal days always of 
the same length 5 and so would have one solar 
day more than the other at its return.. Hence, 
if the earth turned but once round its axis in a 
year, and if that turn was made the same way 
as the earth goes round the sun, there would be 
continual day on one side of the earth, and con*- 
tinual night on the other.** 

The sun is unquestionably to us the most 
interesting of all the heavenly bodies. The heat 
which he diffuses animates our world, and hi» 
light is the source of all our purest pleasures.. 
His power reaches to a moat extended sphere^ 
the more active in proporiion to the nearness. 
Our water would be in a boiling state at Mercury, 
and frozen at Satura» Yet the beings who exi^ 
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in those workls arc undoubtedly accommodated 
to the climates thev inhabit. 

1 he sun is of a form nearly spherical. He 
however appears to us only as a circular disc. 
This is because all the parts of his surface are 
equally luminous ; and consequently there is 
iioihing which can suggest to us that the centri- 
cal parts are. more prominent than the sides, 
though in reality they are nearer to us by 160^000 
leagues. In the same manner the full moon 
appears to us a flat surface^ but a good telescope 
corrects the deception. 

So early as the year l6l 1 spots were discovered 
upon the disc of the sun. The discovery was 
claimed both by father Scheiner and by Galileo, 
These spots consist, in general, of a central part, 
which appears much darker than the rest, and 
€cems to be surrounded by a mist or smoke ; 
and i\\^y are so changeable in their situation 
and figure as frequently to vary during the time 
of observation. Some of the largest of them, 
which are found to exceed the bulk of the whole 
earih, are often to be seen for three months to- 
gether, and when they disappear they are gene-» 
rally converted into fseculae or luminous spots, 
which appear much brighter than the rest of the 
i5un. About the time that they were first dis- 
covered by Galileo, forty or fifty of them might 
l)e frequently seen on ihe sun at a time, but at 
present we can seldom observe more than thirty] 
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and there have been periods of seven or eight 
years in which none could be seen. 

The speculations and opinions concerning the 
nature and origin of the solar spots are va- 
rious, and perhaps all erroneous, since we are ia 
truth unacquainted with the materials of which 
his body is composed. The most popular con- 
jecture at' present is, that they are occasioned 
by the smoke and opaque matter thrown out 
by volcanos, or burning mountains, of im- 
mense magnitude ; and that when the eruption 
is nearly ended, and the smoke dissipated, the 
fierce flames ar^ exposed, and appear likefaeculae 

or luminous spots. M. de la Hire imagined the 
sun to be in a continual state effusion, and that 
the spots which we obser^re are only the emi- 
nences of large masses of opaque matter, which 
by the irregular agitations of the fluid sotnetimes 
swim upon the surface, and at other times sink 
and disappear. 

Whatever may be the nature of these spots, 
the observance of them has produced a discovery 
of some importance. It was early observed that 
they ceased to be visible at certain intervals, and 
again at stated periods reappeared. The apparent 
motion of the spots is from the eastern to the 
western side of the sun ; and as they are observed 
to move quicker when they are near the central 
region than when they are near the limb, it fol- 
lows that the sun must be a spherical body, and 
that he revolves on bis axis from west to eas^ 
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The time in which he performs this revolution, 
as observed by Cassini, is twenty-five days, 
fourteen, hours, and eight minutes j and from 
the time of the motion of the spots, which is 
sometimes straight, but more frequently curved 
or elhptical, it is discovered that bis axis is not 
perpendicular to the plane of the ecliplic, but 
inclined to it, so as to make an angle with the 
perpendicular of about seven degrees and. a half. 
The zodiacal light, as it is called, is another 
striking phsenomenon connected with this glo- 
rious luminary. The sun is supposed to be en* 
veloped with a fluid matter, luminous in itself^ 
or only enlightened by the solar rayg, and which 
constitutes a kind of atmosphere. This matter 
is more abundant and more extended round his 
equator than elsewhere, and gives to the solar 
atmosphere an appearance resembling that of a 
double convex lens, the diameter of which is ia 
the plane of the sun's equator. It was disco- 
vered in 16S3, by Cassini, who observed it for 
about 8 days. It has obtained the name of the 
zodiacal light, because it appears along the zo- 
diac in the form of a lance or pyramid. It is of 
a faint whitish colour resembling the milky 
way. 
The zodiacal light is more or less visible ac- 
cording to circumstances. It is most apparent 
when it has a sufficient extent along the zodiac, 
and when the obliquity of the zodiac to the ho- 
rizon is not too greatj for otherwise its fainl 



Zodiaml Light. . 273' 

light will scarcely be distinguislied from the 
twilight, whether previous to the rising of the 
sun, or after his setting. 

The zodiacal light appears generally in a^ 
conical form, having its base always directed to* 
wards the body of the sun, and its point towards 
some star in the zodiac. It is thus it appears 
in the evening in the spring, and in ihe morning 
in the autumn. Its eastern point being display- 
ed in the evening^ and its western in the morn- 
ing. The two points may sometimeS^ be seen in 
the same night, as at the solstices, and particu* 
larly at the winter solstice, when the ecliptic 
makes, in the evening and the morning, angles 
almost equal with the horizon, and sufficient to 
leave a considerable part of the point above the 
line of twilight. The summer solstice has the 
disadvantage of the too great oWiquity of the 
ecliptic with respect to the horizon, and of ak 
long twilight* 

In the evening and morning observation Sy 
only the superior parts of the phsenomenon,. 
with respect to the horizon of the observer, are 
apparent. For, as the sun rises and approaches the- 
horizon, or again before he has descended many 
degrees below it, it becomes lost in the twilight;. 
This circumstance iseasily explained. — LetlKOA' 
(PhXXVI.fig. 111.) be the zodiacal lightinoneofi 
the most favourable positions for observing it 
HR, that is about the latter end of February or 
beginning of March, when the first point of 
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Aries may be supposed in K, upon the plane of 
the horizon HR, and the sun being in S, about 
the loth degree of Pisces upon the boundary CP 
of twihght, 18 degrees below the horizon. The 
ecliptic TKZ is here confounded with the axi» 
AZ of the zodiacal light, and forms with the 
horizon an angle of about 64 degrees. The 
point A of this light falls between the stars of 
the neck and head of Taurus, and terminates 
about the 10th degree of Gemini, whence it fol- 
lows that the distance from its point to its base 
at the sun, is about 90 degrees* 

The same figure represents the situation AEZ 
which this light would assume, the morning of 
the same day just before day-break. The angle 
N^» of the ecliptic with the horizon being 
about 26 degrees, supposing only that the spec- 
tator, whoiiad in the evening the north-pole B 
on his right, and the meridian M at his left, 
being turned towards the east, shall have on the 
contrary the north at his left, and the south at 
his right. It is plain, from what has been said, 
that the part of the zodiacal light which is near 
the sun cannot be seen upon the horizon, be- 
cause the twilight will cause it to disappear, or 
at least Tender its borders very indistinct. It is 
only a total eclipse of thesun which can show it 
at the base, and in its densest partf in that case, 
as soon as the disc of the moon has completely 
obscured that of the sun, there appears round 
the moon an enlightened border, and a kind of 
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beam ; it is more or less xlense, according to its 
distance from the edge of the moon. 

The zodiacal light must be more easily and 
more frequenlly perceived in the tropical cli- 
mates^ and particularly near the equator, than it 
can here; first, because in those parts the obli- 
quity of the equator and the zodiac to the ho- 
rizon is less ; and secondly, because the duration 
of the twilight is much shorter. 



LECTURE XIX. 

A^TRONOMT. 



THE PBIMABT PLANETS ; THE MODE OP CAL* 
CULATIKG TBEIR DISTANCES^ &C. 

1 HE planets^ I have already intimated, are 
opaque bodies, very nearly spherical, and we 
have reason to believe much like the earths 
They are not luminous of themselves ; and be- 
come visible only by reflecting the light ^'hicb 
they receive from the sun. Kepler discovered 
some of the principal laws by which the motions^ 
of the planets arc governed. He was the first 
that demonstrated, by calculations equally diffi- 
cult and laborious, that thei/ must revolve in 
elliptical, avd not in circular orlits. He calcu- 
lated by the observations of Tycho, the distance 
of* Mars from the Sun in different parts of hia 
orbit, and proved that it could not possibly be 
adjusted to the circumference of a circle. New- 
ton showed afterwards, by the theory of attrac- 
tion, that the curve which the planet described 
nuist be strictly an ellipsis, of which the central 
Ktar (or sun) occupied one of the foci. Let 
A E P G (IM. XXVr. fig. 1 12.) be an ellipsis, of 
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the course of the plaaet. The central star or 
sun is at S, which is one of the foci, 
. The second law of Kepler is, that the square of the 
times of the revolutions of the planets are as the 
cubes of their distances from the sun* That is> 
if we compare the square of the time which any 
two of the primary planets occupy in completing 
their orbits, we shall find between these twosquare* 
the same proportion as between the cubes of the 
mean distances of these two planets from the 
sun. Thus, if we know the time of the revo- 
lution of two planets, we can compute from 
that what are their respective distances from the 
sun ; and if we are made acquainted with the^ 
true distance of the one, we shall easrly.find the* 
true distance of the other, as indeed the di- 
stances of all of which we know the time of 
their periodical revolutions. 

Thus, if we suppose the planet Venus to re- 
volve round the Sun in 224 days, and the Earth 
in 365; and if we admit the mean distance of 
the earth from the sun to be 95 millions of 
miles — then, as the square of 365 is to the 
square of 224, so will be the cube of 95,000,000 
to a fourth number, which will show the cube 
of Venus's iftean distance from the sun ; and if 
the cube- root of this number is found, it wilj 
give about 68 millions of miles for the mean di-^ 
stance of Venus from the Sun. 

The third law of Kepler is, that the areas are 
m proportion to the times ;-— That is, that the. 
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time occupied by a planet in passing the dif- 
ferent arcs AD, D E of its orbii are to one an* 
other, as the areas of the triangles A S D, D S E 
terminated by these areas, and by the right lines 
AS, DS, andDS and£S; these areas are, by 
the same reasoning, to one another, as the time 
which the planet employs in passing through 
the arcs which terminate them. Hence we see 
that these times are shorter in proportion as the 
planet is nearer the sun^ for then the area of 
the triangle is so much smaller. Newton has 
proved that this law is a necessary consequence 
of the projectile force combined with the centri- 
petal or attractive force, which retains the planets 
in their orbits. 

Astronomers have divided the planets into 
two classes ; the first class they call primary 
planets^ or principals. They are eleven in num* 
bcr, viz. Mercury, Venus, the Earth, Mars, 
Ceres, Pallas, Juno, Vesta, Jupiter, Saturn, and 
the Georgium Sidue. Those of the second class 
they call secondary planets y or otherwise satel^ 
liles or moons. 

The primary planets are such as revolve round 
the sua only. These are also divided into su- 
perior and iiff'erior; those being called superior 
planets whose distance from the sun is greater 
than that of the earth, and those inferior planets 
whose distance is less than that of the earth. 

The superior planets are. Mars, Ceres, Pallas^ 
Juno^ Vesta^ Jupiter^ Saturn^ and the Georgiutn 
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Sidus, which are further from the sun than the 
earth is, and which, consequently, environ the 
latter in their revolution: it is for this reason 
we see thei]| sometimes on one side of the sun^ 
and sometimes on the other. The inferior pla- 
nets are. Mercury and Venus, which are nearer . 
the sun than the earth, and which, consequent- 
ly, never environ the latter in their revolution. 
On this account we see them always on the 
same side as the sun, and never in opposition, 
because this earth is never between them and the 
sun. 

It has been already stated that the apparent 
diameter of the sun, viewed at his mean distance 
from the earth, is 31° 57^^ The apparent dia- 
meters of the planets seen from the earth bear a 
relation to their real size, and the distance of 
each. Hut, in comparing these diameters with 
©ne another, or with that of the sun, they are 
supposed to be seen all at a distance equal to the 
mean distance of the earth from the sun> as ia 
the following table* 
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A Table of the apparent diameters of the sun. 
and of the primary planets^ seen at a distance 
equal to the mean distance of the earth from 
the sun i ami of the comparison of these dia- 
meters with that of the sun* 



The Names of 
the Planets. 



Apparent 
Diameters 



Min. 



// /// 



Diameters of the 
Planets compared 
with thai of the 
Sun. 



The Sun 

Mercury 

Venus 

The Earth - 

Mars 

Ceres 

Pallas 

Juno 

Vesta 

Jupiter 

Saturn 

His Ring 

Gcorgium Sidus 



31 



5 

7 
16 

17 

11 

1 



30 



24 



5 



3 13 42 
2 51 42 
6 40 36 
1 16 30 



One 

1 -274th 
l-ll6th 
J -11 3th 
l-l6Sth 



1-lOth 
1-nth 
l-5th 
l-23.th 



When once the apparent diameters of thr 
planets are known, seen all at the same di- 
stance, it is easy to determine the size of each 
planet in terrestrial diameters. And as the real 
diameter of the earth is known in leagues, we 
may. thence calculate the number of leagues 
which the real diameter of each planet contains* 
This may be seen by the following Table, in 
which the terrestrial diameter is taken for unity* 
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Table of the diameters of the sun and the pri- 
mary planets in terrestrial diameters^ and in 
leagues of 2283 French fathoms each. 



Names of the 
Planets. 



Size of the Planets. 



In Terrestrial 
Diameters. 



I 



u Leagues* 



English Milei. 



'i*he Sun 

KTcx-cury 

Venus • 

The Earth - 

Mars 

Ceres 

Pallas 

Juao 

Vesta 

Jupiter •» 

Saturn 

Jiis Ring n 

Ge«rg^um Sid us 



112 


1 




27-34ths 

7-17ths 

S3-34ths 

2-3d3 



'11 2-5th8 

JO 1-lOth 

23 1 half 

4 l.half 



323155 

1180 
2784 
2865 
1921 



32644 

28939 1-half 
67512 
12892 



813,246 
3,224 
7,867 

4,139 

160 

80 



89,170 
79,Ot9 

85,119 



The magnitude of the planets compared with 
one another, are as the cubes of their diameters.. 
We have seen in, the preceding table the size of 
their diameters compared wit^ that of the earth 4 
by cubing them, therefore, we shall have the 
gize of the planets themselves, compared with 
that of the earthj which is regarded as unity^ 
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Table of the magnitude of the sun and primary 
planets compared with that of the earth. 



iNames oi the 
Planets. 



Magnitude. 
Almost. I In Decimals. 



'1 he bun 

Mercury 

Venus 

The Earth - 

Mars 

Ceres 

Pallas 

Juno 

Vesta 

Jupiter 

Saturn 

Georgium Sldus 



143502:i 


1 




3^3ds 
10-1 lth8 



1-lOlh 



ISth 



1479 1 
1030 
91 l-4th 



14350t2ii/;66,SJ39 

0,078372 

0,917559 

1,00000 

0,301445 



1479,231780 

1030,173430 

91,250000 



The density of the plaaels i« caJculated ip the 
same manner as that of the sun ; by the quanti- 
ty of their action one upon auoiher. They are 
found to be such as are expressed in the foUoW'^ 
ing Table^ and are compared with the density of ^ 
the earth taken fo| unity. 
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Table of the densities of the sun and of the 
primary planets, compared with that of the 
earth. 



Names of the 
Planets. 


JJensitirs. 
Almost, Jn Decimals. 


The ^un 

Mercury 

Venus 

The Earth - 

Mars 

Ceres 


i-ith 
2 2-5.Ms 

1 ll-40ths 
1 

3-4ths 


2,037700 
1 ,275000 
i ,00000 
0,729170 






*^ allcicr "■ 

Juno 

Vesta 

Jupiter 

Saturn 

Cieorgium Sidus 










l-9th 
2-I9ths 
2^3ths 


0,229840 
0,104500 
0,220401 



Since the magnitude of the planets, and also 
their densities are known relative to the earth, 
it is easy to know their solidity,- by multiplying 
these two quantities the one by the other, re» 
lative to thai of the earth, which is taken for 
unity. 
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Table of the solidity of the sun and of th^ pri- 
mary planets compared with that of the earth. 



Names of the 
* Planets. 



Almost. 



Solidity. 

In Decinials. 



The Sun 
Mercury 
Venus 

The Earth - 
Mars 
Ceres 
Pallas 
Juno 
Vesta 
-Jupiter 
.S«xturn 
Georgium Siccus 



S6540O 



15-94th8 

1 I -6th 
1 

2-9th» 



S40 
108 
17 8r4tb8 



365399,821504 
0,159699 
1,1 69888 
l,00O00O 
0,2 19805 



SS9,9J?6632 
107,653123. 
17,7406ia. 



The proper motion of each of the primary 
planets is from west to east in an elliptical orbit, 
(Pl.XXVL fig. 112.) AEPG, the sun forming 
one of the foci. The plane of the orbit of the 
earth is called >the ecliptic, as 1 have before ex- 
plained. The or/>its of alLthe other planets are- 
differently inclined to itj but there i^ not any 
which departs more than eight degrees from the 
ecliptic I so that they are ail contained withia 
the zodiac. It is this departure from the eclip^ 
tic, which is called the latitjude of the planetS;^ 
93\^i in general^ the latitude of the stars^ 
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Table of the inclination of the orbits of the pri- 
mary planets from the plane of the ecliptic. 



Names of the Planets. 


Ino 

De,irrcf*s. 


liiiutiuii. 
Mill. 


rr 


Mercury 


- 


6 


55 


so 


Venus 


• 


S 


93 


10 


The Earth 













Mars 




1 


50 


47 


Ceres 




— . 


— - 


— 


Pallas 




..-. 


^~^ 


— 


Juno 




.-^ 


...^ 


— 


Vesta 




• _ 


.» 


— 


Jupiter 


. - 


1 


19 


38 


Saturn 




2 


30 


40 


tieorgium Sidus 







46 


12 



These orbits differ greatly in extent in pro- 
portion as the planets are respectively more or 
less distant from the central star of the system, 
the sun. The means by which these distancea 
are ascertained have been mentioned before, 
when we spoke of the second law of Kepler, 
But it must be evident that we must know the 
distance of some one planet from the sun, be- 
fore we can compute the distance of any other 
by comparing the time of its orbit with that, 
the distance of which from the sun is known. 

As we exist upon the earth, our calculations 
must originate from the planet we inhabit. 
Hexe only we have certain grounds, and, what- 
ever we measure of the arch of the hcavcn» 
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must have something relative here to serve as 
the basis of our operation. The horizontal pa- 
rallax , as it is called, has therefore been a com- 
mon method employed for measuring the di- 
stances of the heavenly bodies from the earth. 
With respect to the moon^ this method answers 
U'ilh great accuracy, but with respect to the 
sun it is liable to great error, for reasons which 
I shall afterwards state^ and as to' the fixed stars 
it is altogether inapplicable. Indeed, from their 
great distance they can have no parallax. 

To explain what I have now remarked, T 
must refer to the diagraai (PI. XXVI fig. 113.) 
where BAG represents one half of the earth, 
AC its semidiameter, S the sun, supposed at an 
immense distance, m the moon, and CKOL a 
part of the moon's orbit. CRS is a line re- 
presenting the rational horizon of an observer 
at A extended to the sun; H AO his sensible 
horizon extended to the moon's orbit. ALC is 
the angle under which the earth's seraidiameter 
AC is seen from the moon at L. A S C is the 
anijle under which it is seen from the sun at S. 
Now it is evident that the angle A LC is equal 
to the angle O A L, and the angle A S C to the 
angle O A^; and consequently, as the angle 
O Ay is much less than O A L, the earth's se- 
midiameter appears much greater as seen from 
the moon at L than from the sun at S, and 
therefore the earth is at a much greater distance 
from the sua than from the moon. 
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Tf then we can measure cither of the angles 
ALC orOAL, which are in effect the same, 
we shall have the moon's distance from the 

earth . 

To effect this operation, take a graduated in- 
strument DAE, having a moveable index with 
sight-holes, and let it be fixed so that its plane 
surface may be parallel to the plane of the 
equator, and its edge AD in the plane of the 
meridian. So tkat when the moon is in the 
equinoctial, and on the meridian ADE, she may 
l)e seen through the sight-holes, when the edge 
of the moveable index cuts the beginning of the 
divisions at O on the graduated limb D^, and 
let the precise time when she is thus seen be 
carefully noted. Again, when the moon has 
reached the sensible horizon at O,- let her be 
viewed in the same manner through the sight- 
holes, and the time be precisely noted, making 
proper allowance for the refraction. Then, as 
the moon makes her apparent revolution from 
the meridian to the meridian again in 24 hours 
and 43 minutes, deduct the time in which she 
passes from E to O, from 6 hours 19 minutes, 
and then you will have the time in which she de- 
scribes the arc OL, and this will enable us to 
measure the moon's horizontal parallax, or angle 
O A L. For, as the time of the moon's describing 
the arc EO is to 90 degrees, so is 6 hours 1 2 mi- 
nutes to the degrees of the arc Dde^ which 
measures the angle E A L, from vvhich. subtract 
4 
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* 
IK) degrees, and there remains the angle O A L, 

equa] to the angle ALC, under which the earth's 
semidiameter AC is seen from the moon. 

Now, since all the angles of a triangle are 
equal to two right angles, or 180 degrees, and 
the sides of a triangle are always proportioned 
to the sines of the opposite angles, say, as the 
sine of the angle ALC at the moon L is 
to its opposite side A C, the earih^s semidiame- 
ter, or 3985 miles, so is radius the sine of* go 
degrees, or of the right angle A C L to its op- 
posite side, which is the moon*s distance at L 
from the observer's place at A — Or, so is the 
sine of the angle C A L to its opposite side C L, 
which is the moon*s distance from the earth's 
centre, and which will prove to be about 
240,000 miles. The angle CAL' is equal to 
what the agle O A L wants of 90 degrees. 

The sun's distance cannot so easily be deter- 
mined, since his horizontal parallax, or the 
angle O A S, equal to the angle A S C, is so 
small as to be scarcely perceptible, being not 
more than 8 seconds and a half, whereas the 
moon's-horizontal parallax, or the angle OAL 
is very discernible, being 57' 18^', which is more 
than 400 times greater than that of the sun. 

The sun's horizontal parallax, therefore, for 
these reasons, could not be ascertained with 
any degree of accuracy till the transits of Ve- 
nu^ over the sun's disc, which happened in 
the years 17CI and 1767, Gur in such an im- 
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mense distance, and in so small an angle the 
error of one second will create an error of seven 
millions of miles. Hence the amazing difference 
in the calculations of different astronomers, 
Ptolemy and his followers^ as well as Tycho 
Brahe and Ck)pernicus9 conceived the sun's di- 
stance to be 1200 semidiameters of the tarth ; 
Kepler nearly 3500^ and Ricciolus doubles that 
distance. 

The ever-illustrious Dr. Halley first pointed 
out the means of solving this difficult problem, 
which he terms ^' the most noble in the sci^ 
ences.,*' upon theoretical principles, -though in 
the course of nature he could never expect to 
see them reduced to practice. 

Venus passes the Sun, or is, in the astrono** 
mer's phrase, in conjunction with it, very often } 
and if the plane of her orbit was coincident with 
the plane of the ecliptic, she would on such occa- 
sions appear like a spot on the sun for about seven 
hours. But the orbit of Venus only intersects tho 
ecliptic in two points, which are called its nodes* 
Venus, therefore, can never be seen on the sun 
but at those inferior conjunctions which happen 
in or near the nodes of her orbit; and though 
this circumstance seldom happens, the time of 
its occurring is easily calculated by astronomers* 
The last transit before the time of Dr. Halley 
was in the year 1639? and he calculated that one 
would again occur in 1761, and another in 
1769. 

VOL. I. O 
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Though the sun's distance, therefore, is so 
great that the earth's diameter is only a point in 
comparison, and his parallax, for the reasons al- 
ready assigned, could not be determined with 
accuracy, the case is very different when Venua 
in perceptibly between the earth and the sun, for 
her distance is betweei^ three and four^ times less 
than that of the sun. If, therefore, when Venus ia 
her transit enters upon the sun's disc, she i» 
obfierved by two different spectators on different 
parts of the earth's surface, she wilt appear to 
each of them at the same mstant on diferent 
parts of the sun. Dr. Haliey, therefore, rocom- 
mended that some scientific men should be sent to 
different partsof the world, xishere the transit could 
be observed with accuracy; that the precise times 
Qf her entrance and egress from the face of the 
sun shoukl be carefuHy noted by each ; and 
foom these observations, compared with the time 
which she would occupy in passing over the 
sun's surface, as seen (by supposition) from the 
eanb's center, he demo'nstrated that not only 
the^ parallax of Venus but that of the sun might 
be found. 

I shall not trouble you with the detail of this 
problem. Ik is founded on the principles al- 
iteady explained in treating of the moon's hori- 
zontal parallax, and is explained at large in 
Mr. Ferguson's Astronomy*. Let it suffice to 

* To those who wish to enter more deeply into the sub- 
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say, that the late transits in 1761 anfl 1769 were 
carefully observed by very eminent astronomer* 

ject, the following extract from Mr. NichoIsoii*s Abtrono- 
my will be satisfactory. 

** The planet Venus passes the sun twice in revolving 
/rom any position of elongation to the same position again. 
At those times this planet is said to be in conjunction with 
the-sun. 

" When the planet Venus is situated in a line between 
the Sun and the Earth, it is said to be in its inferior con- 
junction; and when it is in the opposite part of its orbits 
the sun being in a line between it and the earth, it is said 
to be in its superior conjunction. If the orbits of the Earth 
and Venus were in the same plane, it is evident that Ve- 
nus would pass behind the Sun with a direct motion every 
superior conjunction, and would pass over its disc, or be- 
fore it, with a retrograde motion every inferior conjunc- 
tion. But as Venus's orbit is inclined to the ecliptic in an 
angle of about 3^ degrees, this planet will, in general, pass 
to the northward or southward of the Sun, and will only 
be visible on its disc when the inferior conjunction hap- 
pens at or near one of the nodes. This happens but once 
(or sometimes twice at an interval of about 8 years) in 
more than 120 years. 

** To show how this transit is applied to the purpose of 
finding the Sun's distance, we shall pass over those elements 
that enter into the cornputation previous or subsequent to 
actual observation, and shall only explain the general prin- 
ciples on which the method is founded. 

« Let s (PI. XXVIII. fig. 11 r.) represent the Sun, E tlie 
Earth, V, U, W, the planet Venus in different positions, 
the arc L N a part of the Earth's orbit, and the arc O M ^ 
part of the orbit of Venus. Then, because the angular 
velocities of Venus and the Earth are known, as alsj their 
proportional distances, it will be easy to compute the time 
Venus will employ in passing through the arc VW, wliich 

O 2 
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in different parts of the worlds and the Sun's 
horizontal parallax was determined to be about 

when viewed from the Earthy is equal to the known chord 
of the Sun CD; the heliocentric value or length of the 
arc VW may likewise be readily found. Suppose then an 
observer at A on the Earth's surface to view the planet 
Venus at V, it will appear just entered within the Sun's 
disc at C, and passing in the arc V W, will appear to de- 
scribe the line C D, arriving at D at the end of the com- 
puted time. But during this time the observer will, by 
tlie Earth's diurnal revolution, be carried from A towards 
P; and arriving at P at the same instant that Venus ar- 
rives at U, will behold the transit just finishing at D: con- 
sequently it will be of a duration proportionally as much 
shorter tlian the computed time, as the heliocentric arc 
V U is shorter than V W. The arc V W is known by com- 
putation, therefore, since Venus's motion may in very 
small arcs be reckoned uniform, 

" As the computed time 

Is to the computed arc V VV, 

So is the observed time 

To the arc - VU; 

which being taken from V W, leaves the arc U W, that 

subtends the angle U D V. This last angle is the parallax 

of the base AP; and the base A P is found by the analogy 

" As one day or 24 hours 

Is to the circumference of the earth (or 
parallel of latitude) 

So is tlic observed time 

To the arc AP, whose chord is the base. 
" But because the minutest errors in a business of this na- 
ture are of very great consequence, and because the lengtli 
of tlie arc VW, depending on the sun's diameter, can 
scarcely be obtained by calculation to that extreme degree 
of exactness, which is requisite, it is advisable to take an- 
otiier obser\'ation on a place so situated on the Earth, that. 
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B-J- seconds, as already intimated, and his di- 
stance from the Earth to be about ninety-five 
millions of miles. 

The distance of the Sun from the Earth being 
well ascertained, the distance of the other pla- 
nets may be easily calculated by the 2d law of 
Kepler; as their orbits, or rather the time occu- 
pied in traversing their orbits, is known by ob- 
servation. The following table is allowed, I 
believe, to exhibit a fair statement of their re- 
spective distances. 

the observer being carried in a direction apparently con- 
trary to the former, the errors may countenict each other. 

** Let the representations be as in the last figure. If thcSua 
has declination at the time of the transit, R (fig. 118.) 
will represent the pole towards which the Sun declines. 
The observer at A, if at rest, would behold the transit 
daring the time Venus passes from V to W;. but being by 
the Earth's diurnal revolution carried from A through the 
arc AEP to P, and arriving at P at the instant in which 
Venus arrives at U, he will perceive the transit just finish- 
ing at D; consequently its duration will be as much longer 
than the computed time as the heliocentric arc VU is 
longer than VW. VU being found by the before-men- 
tioned analogy, the difference between V U and V W is 
WU, or the parallax of A P, as before. 

** Now, in these two cases, a similar error will have a 
contrary effect in the first to that which it has in the lat- 
ter. For if, by any error, the computed arc V W (fi^ 117.) 
be taken too large, the arc U W, and consequently the pa- 
rallax will come out too great. But in the latter observa- 
tion, if the computed arc VW (fig. 118.) is taken too 
large, the arc WU, and consequently the parallax, will 
come out too little. Therefore the mean between two 
such observations will be much more to be depended oo 
than either singly." 
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TablC'Of the mean distances of the primary pla* 
nets from the sun, in French leagues of 2283 
fathoms each, and in EngUsh miies^ iu round 
numbers. 



Names ot the 
Planets. 


Mean 
In Leagues. 


Distances. 
In English Miles 
in round numb. 


Mercury 

Venus 

The Earth - 

Mars 

Ceres 

l\i!las 

1 1 111^ m 


13,156,246 
25,144,166 
34,761,680 
52,966,024 

86,904,200 


37,000,000 

68,000,000 

95,000,000 

144,000,000 

2()0,000,000 

266,000,000 

sno,ooo,ooo 


tl 11111/ ■ 




Jupiter 
Saturn 
Georgium Sidus 


lt-0,794,S02 
3S1,62S,8W 
uaS,S15,4£3 


490,000,000 

900,000,000 

1800,000,000 



The revolutions of the planets may be con- 
sidered as relative to the Sun, or as relative to 
the Earih, In the first case they are called pe- 
riodical r evoUt lions ; that is, the time which the 
planets employ in revolving about the Sun in 
coming again to a fixed p^int in the heavens. 
In the second j they are called synodical revolu^ 
ilons; that is, the time which the planets seen 
from the Earth employ in returning to the Sun; 
or the time which passes between the mean 
conjunction and the next following. This time 
is very difi'erent from that of periodical revolu- 
tions, as may be seen in the following table. 
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Table of the duration of the synodical revolu- 
tions of the primary planets, compai-Qd witH 
that of their periodical revolutions. 



Names of the 
Planets. 


Duration of the 
Synodical Revo- 
lutions. 


Duration of the Pe- 
riodical Revolutions. 


Mercury 


- 


About 1 1 6 Days. 


About 88 Days-. 


Venus 


- 


1 YearSiig 


224 


Mars 


. 


2 59 


1 Y^r 321 — i— 


Ceres 








Juno 


m 


m * * •» 


About 1073 


Pallas 


m 


UnknownPcriod, 


2015 — 


Vesta 








Jupiter 


m 


1 Year S4 Days. 


il Years 313 — ^ 


Saturn 


m 


1 13 


29 ^ 154 «-:— . 


Georgium Sidus { 


1 5 


83 130 



The two inferior planets. Mercury and Vb- 
niis, as wdl as three of the superior, Mars> Ju- 
piter, arid Saturn, were ktibwn to the early 
astronomers. Thie Georgium Sidus was disco- 
vered in the year 1781, by Dr. Herschellj Ceres 
iR^as discovered the first day of the present cen- 
tury^ by Mr» Pia2:ii5 an Italian astronomer ; 
Pallas, by Dr. Olbers of Breitien, in 1802; 
Juno, by Mr. Harding^ at Liliehthal, in 1804; 
and Vesta, by Dr. Olbers, in the spring of the 
presetit year 1807* 

The general fcharacter and appearance of the 
principal planeli will be best undetslood by A 
reference tb Plate XXVIf, and therefore few ob- 
servations will be necessfiry on this subject. 

Mercury, from his tiearnes-s to the sun, i» 
but seldom visible. Nb spots have as yet been 
discovered on his surfacd^ sitid therefore bts to- 
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tation on his axis is not known. Mercury and 
Venus, being inferior planets, can never appear 
quite at the full to us, but must show phases 
like theMoon, according to their relative positions 
as to the Sun and the Earth. 

Venus is the most brilliant in appearance of 
all the planets ; and she is called the morning or 
evening star, according as she precedes or fol- 
lows the Sun; in the first case she appears to the 
right, in the second to the left of that luminary. 
Some spots have been discovered on her surface, 
yet her rotation on her axis has not been ascer- 
tained. She is said to be surrounded by an at- 
mosphere of about fifty miles in height. 

Mars, the first of the superior planets, is 
distinguishable from the rest by the red appear- 
ance of his disc, which all agree in attributing 
to the density of his atmosphere. His figure is 
an oblate spheroid, like that of the Earth, which 
indeed he resembles most in all circumstances. 
Spots have been observed on his surface, from 
which his diurnal rotation has been ascertained, 
as well as the inclination of his axis to the eclip- 
tic, which is 59° 42. Two large white circulatr spots 
are observed at his poles, whence it is conjectured 
that they are continually covered with snow, 

Cerks, Pallas, Juko, and Vesta, are too 

/ small, the diameter of none of them exceeding 

)00 miles, to admit of any accurate observations 

by the best instruments now in use. 

Jupiter is by far the largest planet in our 
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system, and the brightest next to Venus in appear- 
ance. When viewed through a good telescope, 
several belts, or bands, darker than the general 
surface (see PI. XXVII. figs. 113 and 116.) are 
observed across his disc parallel to his equator, 
which, as they are constantly varying, are sup- 
posed to be a series of clouds in his atmosphere. 
Spots have been also seen on his disc between 
the belts; and from their disappearance and reap- 
pearance, his diurnal rotation on his axis ha« 
been computed at about 9 hours 55 minutes. 
His axis is nearly perpendicular to his orbii;^ 
his figure is an oblate spheroid, much flattened 

at the poles. 

Saturn, when viewed through a good tele- 
scope, is the most extraordinary and interesting 
of all the planets. He is surrounded by a flat, 
circular, broad, and luminous rrtig, (see fig. 1 14.)- 
which does not touch the planet, but casts a 
shadow upon it, and is itself divided into two 
parts. With respect to the nature of this ex- 
traordinary phaenomenon, no probable conjecture 

has yet been formed • 

TheGEORGiUMSiDUS is too far distant to ad- 
mit of accurate observation. It may sometimes 
be seen as a star by the naked eye; but its 
nioons, or satellites, can only be seen by a good 

telescope. 

Besides these, there are other bodies attached 
to our system, which, although their orbits 
are singularly eccentric, have yet many ihings^ 

O 5 . 
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in common with those which we have been de- 
scribing ; they are called Comets. 

They are not luminous of themselves, bat, 
like the planets, are opake bodies, shining ontjr 
by the light of the sun, which they reflect to- 
wards us. All the comets revolve round the 
Sun in a manner peculiar to themselves, that is> 
in eliptical orbits exceed ingrly long and ecceiUric> 
yet regulated by laws similar to those of the pla- 
nets themselves. On this principle astronomers 
have attempted to calculate the period of their 
return, and in one case at least with success, 
since it is generally agreed that the comet which, 
appeared in 17'>9 is the same which was obsenr* 
cd in 1531, lG07,and I6a2. Its periodical re- 
Tolution is therefore completed in about 7^ 
years, and it may be consequently expected 
again in the year 1835* 

Some of the comets move from West to East, 
like the planets, while others proceed in a con- 
trary direction from East to West, and in the 
contrarv order of the siOTS of the zodiac. Some 
pass nearly in the line of the ecliptic, and some 
almost perpendicular to it. These orbits being 
extremely protracted and eccentrical, the aphe- 
lion of a comet is consequently at an immense 
distance from the sim. in that case the licvht 
which they receive from him is too feeble to be 
reflected to us, and they are only visible when 
they approach their perihelion. The time of 
their appearance is, therefore, very short, com- 
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pared with, the time of their didappediaitee. Ih 
order to describe the course of a cornet, letABPG 
(PK XXIX. fig. 190.) be the vtry lahg oTbit of a 
comet, in one of whose foci S is placed as the 
Sup'; the aphelion in A; the perihelion iii ?• 
The comet is not visible to us but \Vhen it ap- 
proaches to\i^ards B, and during tlie time which 
it passes the arc BPC of its orbit. But the time 
is considerably shorter th*n that which, it em* 
j>loys to pass the other portion of its orbit CAB^ 
for these two reasons: first, because the arc 
BPC is much shorter thaathearc CAB ; and hi tte 
second place, because the comets, Kfce the pla- 
nets, are slower in their course while th^y depart 
further from the sun ; and, ofrt the contrary, they 
a^e swifter as they approach the sum It re- 
quires much less time to pass over the portion 
BPC of their orbit which i^ visible to usy than 
the other portion CAB* 

The most luminous part of a comet is com- 
monly surrounded with a kind of atmosphere, 
which s^in seems to emit from it a fainter 
light, somewhat resembling the Aurora Borealis. 
The interior part is called the nucleus, and the ex- 
terior the beams^ of hair^ in^atin coma, whence 
the name comet, or hairy star. 

It happens commonly that a comet is acconi* 
panied by a train of ligftt, sometimes very long, 
as at L, and always directed to that part of the 
heavens which is directly, or Nearly, opposite to 
the sun; this is called the iail of the comet. 
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-Newton attributes the rise and the direction of 
the tails of comets to the levity of certain par* 
ticles^ which the Sun raises^ by its heat^ iirom the 
atmosphere of the cornet^ when it approaches its 
perihelion. He compares it to the smoke from 
a burning body^ which rises perpendicularly if 
the body is at rest^ or obliquely jf the body is in 
motion. In fact^ the tails . of comets^ which 
always rise from the side which is opposed to the 
Sun^ have a degree of curvature which is turned 
,£rom the side towards which the course of 
the comet is directed. M. de Mairan attri- 
butes the formation of the tails of comets to a 
part of the solar atmosphere^ with which he 
supposes the comets to be charged^ and which 
they draw along with them in approaching their 
perihelion. 

The number of the comets is certainly very 
considerable. Riccioli enumerates 154^ others 
assert that 450 had been seen previous to 
the year 1771. The tables of Berlin estimate 
them at 700 ; and some have even supposed that 
there are millions. They differ greatly in size : 
•some are so small as to appear like the fixed 
stars, others not larger than Venus ; while He- 
velius observed one in 1 65 1 , which was equal in 
apparent magnitude to the full moon ; its light 
was, however, mm:h more pale and dim, and its 
aspect, on the whole, dismal. The nucleus of 
the planet which has appeared in the present 
year (iao7) is very large. I 



LECTURE XX, 

ASTRONOMY. 



THfi SECONDARY PLANETS. 

« 

The Secondary Planets are those which per* 
form their revolution round other planets, which 
themselves make their revolutions round the 
Smi. They are reckoned eighteen in number, viz. 
(he moon, the four satellites of Jupiter, the seven 
satellites of Saturn, and the six satellites of the 
Georgium Sidus. 

I shall first speak of the Moon ; since, from 
her proximity to the Earth, we have a better op- 
portunity of observing her motions and phseno* 
mena, than we have of the other secondary pla- 
nets. 

The apparent diameter of the Moon, if seen 
at the same distance from the Earth as the Sun, 
would be little more than four seconds. Whence 
we may conclude that her diameter is at least 
390 times less than that of the Sun. The Moon's 
diameter is about f ths that of the Earth, or about 
828 leagues. The whole bulk of the Moon is 
about Vn of that of the Earth. 

The moon being much nearer the earth thaa 



302 Aslroiwmy. {Lecture 20. 

the planets, and having an apparent diameter of 
more than half a degree, has been known since 
the creation ; whereas the satellites of the other 
planets have only been known to astronomers 
since the invention of telescopes. 

The moon completes her revolution in some- 
what less than a months during which period 
she is once in conjunction with the sun, and 
once in opposition* While the eartii traverses 
not quite a twelfth part of her orbit, that is^ not 
the whole of one of the signs of the zodiaq^ the 
moon completes her revolution or orbit round 
the earth. 

Since the moon has no other light than what 
she receives from the suiij it follows that she , 
can never have more than one half of her sur* 
face enlightened ; but it depends upon the reIa-» 
tive position of the spectator with regard to the 
sun, whether more or less of the face of the 
moon will appear enlightened. For, being of a 
globular figure, it depends upon* this position 
what part of her orb shall receive the rays of the 
sun in such a manner as to reflect them back to 
the eye of the spectator* These dififerent ap« 
pearances of the moon are called her phases*. 
Thus^ when the spectator is placed at T^ between 

• These appearances wilt be pretty correctly represented by 
moving an ivory ball suspended from a string round the flame 
of a candle, and observing in what manner the light is reOected 
from different parts of its surface, accor&ig to the posttioa ui 
which it is hdd* 
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S, the sun, and moon , at L, (Pl.XXVIII fig. 119.) 
the whole side of the moon which is opposed lo 
hina will be enlightened, and she is then said Xo 
be at the fulL In proportion as she approaches 
the sun, only a part of her surface will be en* 
lightened, as at P, when not more than half will 
be in that state. She is then said to be in her 
last quarter. In fine, the enlightened parts be- 
come less and less as she advaltces towards the 
suD^ till at last she comes between the sun and 
the earth at N, when she is altogether invisible, 
and this last phasis is called the new moon. She 
has not long" passed this point before she begins 
to present a small portion of her surface en- 
lightened. When she is at Q^ she is said to be 
in her first quarter, and the enlightened part 
continues augmenting till she is as;aiQ at the 
full. 

When the moon is placed between the four 
parts A, B, C, D, and at an equal distance from 
each point, she is said to be- in her ocianis. In 
the first, A, and in the fourth, D, she presents 
only one-eighth of her surface enlightened, and 
in the second, B, and the third, C, three-eighths 
of her surface are enlightened. 

In the phases AQB, which are between the 
new and full moon, the convexity of the en- 
lightened part is turned towards the west, and 
in those of C, P, D, which are between the full 
and the new moon, this convexity is directed to- 
wards the easc« 



y 
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About the first octant and the fourth, the en- 
lightened portion of the moon is in the form of 
a crescent. The rest of the body of the mooa 
is then seen pretty distinctly. This resuhs from.^ 
the light which is reflected upon the moon.fronnr 
the surface of the earth. — For, as we have the 
light of the moon, so the mdbn has the light of 
the earth. In other words, the earth is a tnooa 
to the moon, and with similar phases. 

The revolution of the moon round the earth 
measured by any fixed point in the heavens is 
27 days 7 hours 43 minutes and 11 seconds* 
This is called a periodical month. But the time 
which intervenes from one conjunction with the 
sun to another is 29 days 12 hours 44 minutes 
and 3 seconds, and this is called a synodical 
month or lunation. The reason of this difference 
is that, during the synodical revolution of the 
moon, the earth advances about 20 degrees on 
the ecliptic. ' 

To render this sufficiently ihtelligible we must 
have recourse to a diagram. In fig. 123. 
(PI. XXIX.) let S represent the sun, FC a part 
of the earth's orbit, or ecliptic, MD a diameter 
of the moon's orbit when the earth is at A, and 
md the same diameter when the earth is at B. 
While the earth is at A, if the moon is at D, she 
will be in conjunction, and if the earth was to 
continue at A when the moon had completed its 
orbit from D, through M, and to D again, it 
would be exactly in conjunction^ and the pe- 
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riodical and synodical month would be the same. 
Rut as the earth does not continue at A, but 
moves to B, and as the moon's orbit moves with 
it, the diameter of that orbit will then be in the 
position mdi and the moon will be at d. If 
then the moon is at d, while the sun is at S, it 
will be seen by the figure, that it cannot be in 
conjunction, but must move to e, in the diame- 
ter ye, and consequently describe the arc de io 
bring it in conjunction with the sun. To do 
this occupies about 2 days 5 hours and 51 
seconds; and the synodical is just so much 
longer than the periodical month. 
. It is almost unnecessary to mention to you 
that the diurnal rotation of the earth about its 
axis occasions an apparent daily revolution of 
the moon from east to west, or, in common lan- 
guage, the rising and setting of that luminary. 
But, during this apparent revolution of the 
moon from east to west, she in reality advances 
in her orbit about 13 degrees from west to east. 
There ijs therefore ap apparent daily retardation 
in the course of the moon, as she rises and sets 
each day about 49 minutes later than the pre- 
ceding. This, however, is strictly true only as 
to the equatorial regions, and under circum- 
stances to be afterwards explained. The moon 
turns round on her own axis in the same time 
that she makes her periodical revolution round 
the earth*. On this account she always pre- 

# The inhabitants of the moon, therefore, if we could sup- 
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sents to our view the same part of her surface, 
or nearly the same face. There may, however, 
he observed a little variation in the situation of 
her spots^ or in the position of her face in gene- 
ral, as presented to the spectator. This is called 
a Ubration, and depends on the different aspects 
ifc'hich the moon assumes in consequence of the 
diurnaj motion of the earth on its axis, and of 
the inclination of the axis of the nioon in de- 
deribing her eliptical orbit. 

In the course of a year the moon makes 1 3 
and 4- revolutions upon her axis ; and as in each 
of tliese revolutions the sun enlightens succes- 
wvely ^vaty part of her surface, it follows that 
^€ itihabit^nts of the moon, if there were any, 
w6uld enjoy about 13 days and a third. 

The phsenomena of the harvest mobn is n6t 
generally understood. I shall endeavour to ex- 
plain it, following chiefly Mr. Ferguson, and 
deviating but little from the simple language ot 
that justly popular philosophet*. 

It has already been staled that the moon risei 
about 49 minutes later every day than on the 
preceding; but this is sttictly true only with 
ri^ard to places on the equator. In places of 
considerable latitude there is a remarkable dif- 
ference, especially in the time of harvest, with 
which farmers were better acquainted than 
astronomers till of late ; and they gratefully ac- 

pose there were any, would have but one day and one night 
in the course of a month. 
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knowledged the goodness of God, in giving 
them an immediate supply of moonlight after 
the setting of the sun, for their greater conveni** 
ency in reaping the fruits of the earth, without 
understanding the means by which this was effect-* 
ed. About the equator^ where there is no va- 
riety of seasons, ai>d the weather changes sel* 
dom, and at stated times, moonlight is not ne- 
cessary for gathering in the produce of the earths 
At the polar circles, where the mild season is 
of very short duration, the autumnal full moon 
rises at sunset from the first to the third quarteri 
And at the poles, where the sun is for half a 
year absent, the winter full moons shine con* 
stantly without setting from the first to the third 
quarter. 

It is easy to state in general terms that these 
phaenomena are owing to the different angles 
made by the horizon and different parts of the 
moon's orbit ; and that the moon can be full 
but once or twice in a year in those pans of her 
orbit which rise with the least angles. But to 
explain this subject intelligibly 1 must dwell 
somewhat longer upon it. The plane of the 
equinoctial is perpendicular to the earth's axis) 
and therefore, as the earth turns round its axis, 
, all parts of the equinoctial nmke equal angles 
with the horizon both at rising and setting; so 
that equal portions of it always rise or set at 
equal times. Consequently, if the moon's mo- 
tion was equable, and in the equinoctial, at the 
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rate of 12 deg. 1 1 min. from the sun every day, 
ZA it U in her orbit^^she would rise and set about 
49 minutes later every day than on the pre- 
ceding; for ]2 deg. 11 min. of the equinoctial^ 
rise or setin about that time in all latitudes. 

But the moon's motion is so nearly in the 
ecliptic^ that we may consider her for the pre- 
sent as moving in it. Now the" different parts 
of the ecliptic^ on account of its obliquity to the 
. earth's axis, make very different angles with the 
horizon as they set or rise. ;Those parts or signs 
which rise with the smallest angles set with the 
greatest, and the contrary. In equal times, 
whenever this angle is lost, a greater portion of 
the ecliptic rises than when the angle is larger ; 
as may be seen by elevating the pole of a globe 
to any considerable latitude, and then turning it 
round its axis. Consequently, when the moon 
is in those signs which rise or set with the 
smallest angles, she rises or sets with the least 
difference of time; and with the greatest differ- 
ence in those signs which rise or set with the 
greatest angles. 

In northern latitudes, the smallest angle made 
by the ecliptic and the horizon is when Aries 
rises, at the time when Libra sets ; the greatest 
when Libra rises at the time Aries sets. From 
the rising of Aries to the rising of Libra the 
angle increases ; and from the rising of Libra 
to the rising of Aries it decreases in the same 
r proportion. By this it appears that the ecliptic 
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rises fastest about Aries, and slowest about 

Libra. On the parallel of London^ as much of 

the ecliptic rises about Pisces and Aries in two 

hours as the Moon goes through in six days; 

and therefore, while the moon is in these signs, 

she varies but two hours in the time of her rising 

for six days together ; that is, she rises about 

twenty minutes later every day or night than on 

the preceding, at a mean rate. But in fourteen 

days afterwards the Moon comes to Virgo and 

Libra, which are the opposite signs to Pisces 

and Aries; and then she differs almost four 

times as much in rising ; namely, one hour and 

about fifteen minutes later every day or night 

than the former, while she is in these signs. 

The ecliptic, together with the fixed stars, 
make 366^ apparent diurnal revolutions about 
the earth in a year, the sun only 365:^-. There- 
fore the stars gain three minutes fifty-six second:) 
upon the sun every day ; so that a sidereal day 
contains only twenty-three hours fifty-six mi- 
nutes of mean solar time; and a natural or solar 
day twenty-four hours. Hence twelve sidereal 
hours are one minute fifty- eight seconds shorter 
than twelve solar hours. 

The sun advances almost a degree in the 
ecliptic in twenty-four hours, the same, way that 
the moon moves ; and therefore the moon by 
advancing 13 l-6th degrees in that time, goes 
little more than twelve degrees farther from the 
sun than she was on the day before. ' The moon 
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goes round the ecliptic in twenty-seven days 
eight hours ; but not from change to change in 
less than twenty-nine days twelve hours ; so 
that she is in Pisces and Aries once in every 
lunation^ and in some lunations twice in one of 
these signs. 

As the moon can never be full but when she 
is opposite to the sun, and the sun is never iii 
Virgo and Libra but in our autumnal months, it 
is plain that the moon is never full in the oppo- 
site signs, Pisces and Aries, but in the harvest 
and hunter's moon. And therefore we can have 
in a year only two full moons, which rise so near 
the time of sunset for a week together, as above 
mentioned. 

Here it will probably be asked, why we never 
observe this remarkable rising of the moon but 
in harvest, since she is in Pit»ces and Aries twelve 
times in the year besides ; and must then rise 
with as little difference of time as in harvest ? 
The answer is plain ; for in winter these signs 
rise at rioon ; and being then only a quarter of 
a circle distant from the sun, the moon in them 
is in her first quarter ; but when the sun is above 
the iiorizon, the moon's rising is neither regard- 
ed nor perceived. In the spring these signs rise 
with the sun, because he is then ia them ; and 
as the moon changes in them at that time of the 
year, she is quite invisible. In summer they 
rise about midnight, and the sun being then 
three signs, or a quarter of a circle before them. 
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the moon, ig ui theni* about her third quarter ; 
when rising so l^tCj^ ^ad giving but very little 
light, her rising passes unobserved. In autumu 
these signs, being opposite to the sun, rise when 
he sets, with the naoon in opposition, or at the 
full, which renders h^r rising very conspicuous. 

Hitherto, for the sake of being perfectly intel- 
ligible, I have supposed the moon to oiave .in 
the ecliptic, from which the sun never deviates. 
But the orbit in which the nK>on really moves is 
different from tipie ecliptic ; one h^lf being ele- 
vated 5 l-3d degrees above it, and the other half 
as much depressed below it. The moon's orbit 
therefore intersects the ecliptic in two pointer 
diametrically opposite to each other; and thicsQ 
intersections are called the moon^s nodes. $a 
the moon can never be in the ecliptic but wheu 
she is in either of her nodes, which is at least 
twice between every two successive changes, and 
sometimes thrice. For, as the moon goes al- 
most a whole sign more than round her orbit 
from change to change ; if she passes by either 
node about the time of change, she will pas^s by 
the other in about fourteen, days aft^r, and come 
round to the former npde two days again before 
the next change. That node fronp^ which the 
moon begins to ascend noithward or above the 
ecliptic, in northern latitudes, is called th<^ 
^ ascending node, and the other from which she 
begins to descend below. the ecliptic southward> 
the descending node. 
4 
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The moon's oblique motion, with respect to 
the ecliptic, causes some difference in the times 
of her rising- and setting from what, for the 
sake of perspicuity, I stated hi the preceding pa- 
ragraphs. When she is northward of the eclip- 
tic, she rises sooner, and sets later, than if she 
moved in the ecliptic ; and when she is to the 
southward of it, she rises later, and sets sooner. 
This difference is variable, even in the same 
&igns, for the nodes recede about \g\ degrees in 
the ecliptic every year. When the ascending 
node is in Aries, the southern half of the moon's 
orbit makes an angle of 5-J- degrees less with the 
horizon than the ecliptic does when Aries rises 
in northern latitudes, hi fact, the angle is then 
only 9f degrees on the parallel of London. The 
moon consequently rises with less difference of 
time while in Pisces and 'Aries than if her track 
wa« exactly in the ecliptic. But in the course of 
9 years and 112 days the descending node is in 
Aries, and then the moon*s orbit makes an an- 
gle of 54- greater with the horizon when Aries 
rises, than the ecliptic does at that time, that is, 
about 2C4- degrees on the parallel of London ; 
and this causes the moon to rise with greater 
difference of time in Pisces and Aries than if 
she moved in the ecliptic. The shifting of the 
nodes, however, never affects the moon's rising 
so much, even in her quickest descending lati- 
tude, as not to allow us still the benefit of her 
rising nearer the time of sunset for a few days 
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together about the full in har^est^ than at any 
other time of the year. 

The moou^ when viewed through a telescope, 
presents a vast irregularity of surface. These 
inequalities are most apparent at the- edge of her 
enlightened part, when she is not at or near the 
full ; for the sun's rays are intercepted by the 
hills or prominences, so as to give that part of 
her surface a jagged appearance. Upon mathe- 
matical principles, some of these prominences 
have been measured, and one of them is com- 
puted to be of the height of three miles. 

Maps of the moon hare been published, afid 
her surface fancifully divided into lands and 
seas^ and names were even assigned to both. 
The more correct discoveries, however, made 
with the powerful glasses of Dr. Herschell, hsyQ 
dissipated these pleasing illusions. Those parts 
which were formerly supposed to be seas are now 
found to be only cavities or valleys, which re- 
flect the light less strongly than the more ele- 
vated parts. Through these instruments, in 
fact, the moon appears a mere volcanic mass^ 
without water or atmosphere. That the moon 
has no atmosphere is indeed proved ; for, if she 
had, the edge of her disc would never appear so 
clear or well defined as it does ; and when any 
of the fixed stars disappear behind the moon, 
they retain their full lustre till they touch her 
very edge, and then vanish in a moment. These 
circumstances could not take place if the moon ^ 

VOI-. I. P 
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had an atmosphere ; for she would then have al- 
ways roiuid her a kind of mist or haze^ and the 
stars would appear famter when seen through it« 
The moon of consequence can have no clouds or 
rain, having no atmosphere to support them. 

This account of the moon may serve to give a 
general idea of a satellite^ or secondary planet^ 
particularly as to iis orbit and phases; but 
whether the satellites of the other planets exactly 
resemble our moon in the other circumstances 
which have been just mentioned, their immense 
distance will not allow us to determine. 

The four satellites or moons of Jupiter were 
discovered by Galileo in the year 1610. The 
sixth and largest satellite of Saturn was dis* 
covered by Huyghens in the year 1655; four 
others by Cassint; the third in 1671 ; the fifth in 
1678; the fifth and second in 1684 ; and the first 
and second, by Dr. Herschell, in 1789. The 
six satellites of the Creorgium Sidus were disco- 
vered by Dr. Herschell, who discovered the 
planet. Astronomers denominate the satellites, 
with relation to their distance from the principal 
planet ; they therefore call that the first satel- 
lite which is nearest the planet, the second sa- 
tellite that which is the nearest to the former, 
&c. 

From the continual changes of their phases, 
or appearances, it is evident that these secondary 
planets are also opaque bodies like the planets 
themselves, and shine only by means of the 
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isorrowed light which they receive from the 
sun. 

The angles under which the orbits of Jupiter*s 
moons are seen from the earth, at their mean 
distance from Jupiter, are as follow : the first 
3' 55^^; the second & 14^'; the third 9' 58'^; and 
the fourth 1 7' 3(/\ And their distances from 
Jupiter, measured by his semi-dianieter, are 
thus : the first 5 2-3d3; the second 9; the third 
14 23-60ths; and the fourth 25 18-60ths. This 
planet, seen from its 'nearest moon^ would ap- 
pear a thousand times as large as our moon does 
to us; waxing and waning in all its monthly 
shapes every 42-i^ hours. 

Jupiter's three nearest moons fall into hh 
shadow, and are eclipsed in every revolution ; 
but the orbit.of tlie fourth moon is so much in- 
clined, that it passes by its opposition to Ju- 
piter, without falling into his shadow, two year^ 
in every six. By these eclipses astronomers 
have not only discovered that the sun's light 
takes up eight minutes of time in coming to us; 
Uut they have detcirmioed the longitudes of 
places on this earth with great certainty^ and • 
touch greaier facility, than by any other metliod 
yet known. 
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Table of tHe mean distances of the secondary 
planets ftom their principal planets. 



Names of tlie Planets. 



The Moon - 



1st Satellite of Jupiter 

2d - 

3.! 

4th 



1st Satellite of Saturn 

2d - . - 

3d* - 

4th 

5th 

6th 

7th 



1st Satellite of the ) 
Georgium Sid us \ 
2d - 
3d 
4th 
5th 
6th 



In Radii of 
the Earth. 

59 

In Radii of 

Jupiter. 

5,67 
9 
14, 38 
25, 30 
In Radii of 
Saturn. 

4, 70 

5, 12 
• 7, 16 

18, 00 
bZ, 50 

In Radii 

of the 
Georgium 
Sid us. 
16,50 

19,61 



Mean Distances. 

lu French 
leagues. 



Of the Ring 



1,93 
1,47 
3,45 
8,00 
23,23 



84515 



92540 
146898 
234710 
412946 



65149 

♦83377 

116458 

270048 

884152 



1061 65 i 
12640li 



The secondary planets, like the primary, finish 
their revolutions in longer times, in proportion 
as they are further from the center of their orbits, . 
as may be seen by the following table. 
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Table of the duration of the periodical revolu- 
tions of the secondary planets round the prin* 
cipal planet. 



Names of the Planets. 


Duration of the Uevolutions. ' 
days, hours. ' " '" \ In seconds. 


TheMoonliyatrinity 1 
with the Stars / 


27 7 


43 11 36 or 


2360591 


• b}' affinity with \ 

the- Equinox - J 


27 7 


43 5 


2360585 


1st Satellite of Jupiter 


1 18 


27 33 


152853 


2d - 


3 13 


13 42 


306822 


3d 


7 3 


42 33 


618153 


4tb 


16 16 


32 8 


1441928 


1st Satellite of Saturn 


1 21 


18 27 


168107 


2d 


9 17 


44 22 


236662 


Sd 


4 12 


25 12 


390312 


4th 


15 22 


34 38 


1377278 


5th 


79 7 


4T 


6853620 


6th 








Tth 
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LECTURE XXK 

ASTRONOMY. 



THE EARTH* 

A HE earth is nearly of a round or spherical 
figure. The truth of this doctrine^ without 
having recourse to scientific principles^ will ap- 
pear sufficiently evident from the voyages of^ 
those celebrated navigators, Magellan, Sir Fran* 
cis Drake, Lord Anson^ Cook^ &c.^ who all set 
out, a^ dJSerent times^ to ^ail round the worldj^ 
apd by steering iheic coqcse continually west* 
ward, arrived at length at the exact place whence 
they departed : which could never have happened 
had the earth been of any other than a spherical 
form. 

This, form is also apparent from the circum-i 
s^nces which attend large bbject&when seea a& 
a distance on the surface of the sea. For whea 
a ship proceeds to sea, we first lose sight of the 
hull or body of the vessel; afterwards of the 
rigging; and at last discern only the top of ihe 
nia3t; which is evidently owing to the convexity 
of the water between the eye and the object ; or 
otherwise the largest and most conspicuous pari 
would have been visible the longest, as is m^il- 
test froDx ex^erieoi:^. 



The Earths ZW 

Ag^n^ the earth is proved to be nearly sphe* 
rrcal m this manner : its roundness permits U9 
lo «ee only a very little extent of it» surface; for 
upon a level space^ for instance^ a calm sea, the 
eye elevated six feet above it, cannot perceive aa 
object placed upon it at a distance greater thaa 
2557 fathoms ; that is^ it cannot discern more 
than the extent of a circle of 5114 fathoms dia- 
meter. But the circumference of this circle ap- 
pears to touch the heavens, and the plane of thi* 
circle extended to the starry heavens is what is 
called the horizon. If the observer was placed 
in the center T (PI. XXIX. fig. 122.) of the 
earth, the horizon H H would divide the sphere 
into two parts ; but being placed at the surface 
Qy the superior aVid visible hemisphere AZA i^ 
smaller than the inferior ANA, which is invisi- 
ble. It may yet be observed, that the radius of 
the earth Ta being infinitely small, compared 
with the imaginary radius of the starry heavenr 
TH or TZ, the difference between tlie two ho- 
rizons with respect to them, is not perceptible* 
When the first, therefore, is called the rational^ 
and the other the sensible horizon, which are the 
names by which they are distinguished, it must 
be with reference to nearer objects. 

Many othtr proofs might be adduced to show 
that the earth is of a spherical form ; nor are the 
little unevennesses on its surface, arising from 
hills and valleys, any material objection-; since 
the highest mountains with which we are aa- 
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quainled bear a less proportion to the whole bulk 
of the earth, than the small protuberances on 
the coat of an orange bear to that fruit. And 
accordingly we find that these trifling protube- 
rances occasion no irregularities in the shadow 
of the earth during the time of a lunar eclipse; 
but that the circumference of it always appears 
to be even and regular, as if cast by a body per- 
fectly globular : and this also affords a further 
proof of the spherical form of the earth. la 
speaking of the earth, however, when I use the 
term spherical^ I would not be understood that; 
it is a perfect globe or sphere. The most correct 
observations, on the contrary, prove that it is an 
oblate spheroid^ that in, a little flattened at. the 
poles, and larger about the equatorial regions, 
somewhat resembling (if we may use so homely 
a comparison) the form of a turnip. 

The earth's axis makes an angle of 23^ de- 
grees with the axis of its orbit, and keeps always 
the same oblique direction inclining towards the 
same fixed stars throughout its annual course ; 
^nd this causes the return of Spring, Summer, 
Autumn, and Winter, as will be shown in a 
future lecture. 

The mensuration of the earth has been ascer- 
tained by different persons, and we have every 
reason to believe them correct. Mr. Richard 
Norwood, in the year 1635, took the sun's alti- 
tude when it was in the summer solstice, both 
at London and York, with a sextant of five feet 
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rddius, and by that means found the difference of 
latitude between these two cities to be two de- 
grees and twenty-eight minutes. He then 
measured their distance in as exact a manner as 
possible; and having taken into the account all 
the windings of the road, with the ascents and 
descents, he reduced it to an arc of the meridian, 
and found it to ^contain twelve thousand eight 
hundred and forty-nine chains; and this di- 
stance, being compared with the difference of 
latitude, gave him five thousand two hundred 
aiid nine chains to a degree, or about fifty-seven 
thousand three hundred French fathoms or 
toises» 

This method requires no explanation, if the 
two places are considered as lying under the 
same meridian, which indeed is nearly the case. 
The same operation may also be easily performed 
by trigonometry, when the two places lie under 
different meridians; for if we measure the di- 
stance of any two objects, and take the angles 
which each of them makes with a third, the tri- 
angle formed by the three objects will become 
known; so that the two sides may be as accu- 
rately determined by calculation, as if they had 
been actually measured in the same" manner as 
the first. And by making either of these sides 
the base of a new triangle, the distances of other 
objects may be found by trigonometry as before; 
and thus, by a scries of triangles connected to- 
gether at their bases, we might measure the 
whole circumference of the earth. But tbi^ 

p 3 



S14 ' Astnmomy. [Lecture 20* 

had an attnosphere ; for she would then have al* 
ways round her a kind of mist or haze^ and the 
stars would appear fainter when seen through it. 
The moon of consequence can have no clouds or 
rain, having no atmosphere to support them. 

This account of the moon may serve to give a 
general idea of a satellite^ or secondary planet^ 
particularly as to its orbit and phases; but 
whether the satellites of the other planets exactly 
resemble our moon in the other circumstances 
(which have been just mentioned, their immense 
distance will not allow us to determine. 

The four satellites or moons of Jupiter were 
discovered by Galileo in the year 1610. The 
fiixth and largest satellite of Saturn was dis- 
covered by Huyghens in the year 1655; four 
others by Cassint; the third in 1671 ; the fifth in 
1678; the fifth and second in 1684; and the first 
and second, by Dr. Herschell, in 1789. The 
six satellites of the Georgium Sidus were disco- 
vered by Dr. Herschell, who discovered the 
planet. Astronomers denominate the satellites, 
with relation to their distance from the principal 
planet ; they therefore call that the first satel- 
lite which is nearest the planet, the second sa- 
tellite that which is the nearest to the former, 
&c. 

From the continual changes of their phases, 
or appearances, it is evident that these secondary 
planets are also opaque bodies like the planets 
themselves, and shine only by means of the 
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borrowed light which they receive from the 
sun. 

The angles under which the orbits of Jupiter^s 
moons are seen from the earth, at their mean 
distance from Jupiter^ are as follow : the first 
3' 55^^; the second & 14^'; the third 9' 58^^; and 
the fourth 1 7' SO'^. And their distances from 
Jupiter, measured by his semi-diameter, are 
thus : the first 5 2-3d3; the second 9; the third 
14 23-60ths; and the fourth 25 3 8-60ths. This 
planet, seen from its 'nearest moon, would ap- 
pear a thousand times as large as our moon does 
to us; waxing and waning in all its monthly 
shapes every 42-i- hours, 

Jupiter's three nearest moons fall into hiB 
shadow, and are eclipsed in every revolution ; 
but the orbit of the fourth moon is so much in- 
clined, that it passes by its opposition to Ju- 
piter, without falling into his shadow, two year^ 
. in every six. By these eclipses astronomers 
have not only discovered that the sun's light 
takes up eight minutes of time in coming to us; 
but they have determined the longitudes of 
places on this earth with great certainty, and , 
much greaier facility, than by any other metliod 
yet known. 
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had an atmosphere ; for she would then have ai* 
ways round her a kind of mist or haze^ and the 
stars would appear fsunter when seen through it. 
The moon of consequence can have no clouds or 
raioy having no atmosphere to support them. 

This account of the moon may serve to give a 
general idea of a satellite^ or secondary planet^ 
particularly as to ics orbit and phases; but 
whether the satellites of the other planets exactly 
resemble our moon in the other circumstances 
which have been just mentioned, their immense 
distance will not allow us to determine. 

The four satdlites or moons of Jupiter were 
discovered by Galileo in the year 1610. The 
sixth and largest satellite of Saturn was dis- 
covered by Huyghens in the year 1 6b5 ; four 
others by Cassini; the third in I671 ; the fifth in 
1678; the fifth and second in 1684; and the first 
and second, by Dr. Herschell, in 1789* The 
six satellites of the Geoi^ium Sidus were disco- 
vered by Dr. Herschell, who discovered the 
planet. Astronomers denominate the satellites. 
with relation to their distance from the principal 
planet ; they therefore call that the first satel- 
lite which is nearest the planet, the second sa- 
tellite that which is the nearest to the former, 
&c. 

From the continual changes of their phases, 
or appearances, it is evident that these secondary 
planets are also opaque bodies like the planets 
themselves, and shine only by means of the 
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borrowed light which they receive from the 
sun. 

The angles under which the orbits of Jupiter^s 
xYioons are seen from the earth, at their mean 
distance from Jupiter, are as follow : the first 
3' 5b^^i the second ^ 14^'; the third 9' 58^^; and 
the fourth 1 f Z(f\ And their distances from 
Jupiter, measured by his semi-diarrieter, are 
thus : the first 5 2-3d3 ; the second 9; the third 
14 23-60ths; and the fourth 25 18-60ths. This 
planet, seen from its 'nearest moon, would ap- 
pear a thouztand times as large as our moon does 
to us; waxing and waning in all its monthly 
shapes every 42-i- hours. 

Jupiter's three nearest moons fall into hi^ 
shadow, and are eclipsed in every revolution j 
but the orbit of the fourth moon is so much in- 
clined, that it passes by its opposition to Ju- 
piter, without falling into his shadow, two year* 
in every six. By these eclipses astronomers 
have not only discovered that the sun's light 
takes up eight minutes of time in coming to us; 
but they have detiirmined ihe longitudes of 
places on this earth with gTeat certainty, and • 
much greaier facility, than by any other metliod 
yet known* 
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Ftca^ had still greater difficulties to encounter 
than their friends in Lapland^ and were a longer 
time employed in their operations. They set out 
upon their expedition about a twelvemonth b^* 
fore the former, and did not finish their survey 
till the year 1741. The province of Quito was- 
the place determined on as the most proper for 
their purpose. Here they measured an arc of 
the meridian, of three degrees seven minutes 
and one second, and found it to contaia 1 76»9dO^ 
liathoms; which being reduced>to the level of 
the sea, and properly corrected, the first^egree 
of the meridian from the equator was found t^ 
be equal to 36,753 fath^s. These measures- 
afford a complete demonstration that- the earth is^ 
flattened at the poles, and protuberant at thtw 
equator. For had the figure of it been a com-* 
plete globe, a» was formerly imagined, a degree 
of the meridian in every latitude would have been 
found the same ; and had the figure been that 
which was given to- it by Cassini, a degree at 
the polar circle would have been kss than a de-*- 
gree at the eqtutor. But a8» a degree at the equ4i^ 
lor appears to be about 307 fathoms less than a^ 
degree in France, and about 6^9 less than a de— 
gree at the arctic circle, it is easy to show thafc 
thefigureof the earth must be nearly^ the same a»- 
was assigned it by Newton, 

There is nothing of more ia^portaiice to a nav^l- 
people than the power of ascertaining the longi* 
tude at sea. This problem is ultimatelv resolva-* 
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We into that of kiwwing the precise hour at the 

place where the mariner is, and the precise hour 

at any other place the longitude of which is welt 

ascertained — London, for instance. It is easy to 

find the hour at any place where the mariner may 

happen to be, by observing the height of the sun 

or of any fixed star; and observations on the 

ecKpses of the satellites of Jupiter show the hour 

by the clock of London at the time when they 

are observed ; the difference^ then, between the 

times observed at the different places, will give 

the diflference of longitude. This is the reason 

why a clock or time- piece which does not vary 

at all, and which is set to the time of the place 

from which a vessel sails, will always^ serve to- 

show the difference of time between whatever 

place it may be at, and' that of the place which 

it has left, and consequently will indicate the Ion* 

gitude. 

To render this matter still more familiar,, as the 
sun appears to move uniformly round the earth, 
and to describe u circle, which contains 360 de- 
grees, in twenty-four hours, he will of course 
move through an arc of 15 degrees in an hour* 
When it is noon, therefore, at London and at all 
other places which lie under the same meridian:, 
it will be one o'clock in the afternoon at all those 
places which lie under the meridian 15* degrees 
to the east of that of London ; and eleven o'clock 
ui the morning, at all those places which lie uu-* 
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der the meridian 15 degrees to the west of that 
of London. If the distance of the meridians 
are 30 degrees, it will make two hours difference 
in the time ; if 45 degrees, three hours ; &c,, 
reckoning according to the situation of the places. 
From these circumstances you will readily ob- 
serve, that as places differ in longitude, or are 
situated under different meridians, so the clocks 
and watches of those places, supposing them to 
be well regulated, will show different hours at the 
same moment of absolute time; a difference of 
15 degrees in longitude always producing a dif- 
ference of one hour in the time shown by those 
machines. 

In the Nautical Almanac, a work printed un- 
der the authority of the Commissioners of Longi- 
tude, for the purpose of facilitating astronomical 
computations, the distances of the moon from 
the sun, and from certain fixed stars, are ready 
computed for every day at noon, and every three 
hours afterwards, for the meridian of Greenwich ; 
with a rule for finding the time, answering to 
any given distance whatever. Suppose now that 
the pupil was at sea, and wanted to find the lon- 
gitude of the place he Was in : he chooses some re- 
markable fixed star, whose name and situation are 
known, and finds with a quadrant the angular 
distance between that star and the moon ; and 
by a watch, previously regulated for that purpose, 
the exact time when the observation was made: 
this being done, he looks into the almanac, and 
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finds what time it is at Greenwich when the 
inoon and star have the same distance ; and this 
lime^ being compared with the time of observa- ' 
tion, will, by allowing 15 degrees to an hour, 
give the longitude of the place required. The 
names and places of the brightest fixed stars are 
to be found in the *' Tables requisite to be used 
with the Nautical Almanac ;^* together with the 
methods made use of for obtaining their true 
distances from the moon at the time of observa- 
tion. For it is to be observed, that the distance 
found by the quadrant is not that which is to be 
used in determining the longitnde, but the di- 
stance as it would appear to a spectator placed at 
the earth's center. This is the distance as it i» 
computed for Greenwich; and in order that they 
may agree, it must be determined in the same 
manner for the place of observation. 

The last method of finding the longitude, 
which is founded upon observations of the moon, 
is, by the general consent of astronomers, the 
best that has yet been discovered. And tl^odgh 
it may not be easily practised by every common 
mariner, yet by a person of skill and abilities the 
operation will be performed in a few minutes. 

In the first place then it niay be observed, that 
the moon's daily motion in her orbit being about 
13 degrees, her hourly mean motion is about half 
a degree, or one minute of a degree in two mi- 
nutes of time; so that, if an error of one minute 
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is committed 10 calculating the place of the moony. 
it will produce an error of two minutes in time^ 
or half a degree of longitude. 

The late Professor Mayer, of Gottingen, fol- 
lowing the theory of Newton, formed a set of 
lunar tables which gave the moon's place in the 
heavens to a great degree of accuracy ; and thes& 
were afterwards improved by Mr. Charles Mason ^ 
so as to determine the distance of the moon from 
the sun or a fixed star at any given time within 
little more than half a minute of a degree.^ — ^This 
difference from the truth cannot subject us to an 
error in longitude of much more than a quarter 
of a degree, €r 15 geographical miles. 

It will conduce to a greaXer degree of accuracy^ 
if the moon^s distance is taken from two star9> 
or from the sun and a star on each side of her, 
as often as opportunity permits : for as the im- 
perfections of the instrument, as wdl as unavoid- 
able small errors which attend the use of it, have 
^. natural tendei^cy to coFrect each other, the 
mean result, arising fron^ these different observa^ 
lions, will generally be much nearer the trutfe. 
tjjAjx if eLtb<er of then) is taken ^parately. 



LECTURE XXIL 



ASTRONOMY. 



THE TIDES. 

As a phaenomenon affecting this earth, the con- 
si deratiou of the tides will properly follow what 
we have advanced on that subject. It is almost 
unnecessary to explain to you what is meant by 
the word tide. If a definition waa called for, it 
might be said that it is a daily regular and periodi- 
cal rising and falUngof the waters of the sea. 

In gfieat oceans this rising and falling^ in 
ether words the flux and reflux of the sea, takesi 
f>lace twice a day. That is, about every six hours 
the waters of the ocean extend themselves over 
its shr)res : this is called the^«j? or flood; in thi» 
state they remain a short space of time, after 
which they retire or fall back ; and this is called 
the reJhiXy or ebb tide. 

During the flood tide the waters of those ri- 
vers which coBununicate with the ocean are stop- 
ped in their courseby the advance of the sea watery 
the rivers swell, and overflow their banka; during; 
the reflux of ebb tide tb« stieam resumes its usual 
course. 

Where the motion of the waters is not retard- 
led by capes, islands, or sfcraits, or otb.er simjlai; 
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obstacles, three periods are remarkable in the 
tides — The daily period, the monthly, and the 
annual. 

The mean daily period is 24 hours 49 minutes, 
during which there are two flood and two ebb 
tides. This interval of 24 hours 49 minutes is 
the time in which .the moon performs her mean 
apparent daily revolution round the earth. Du- 
ring this diurnal period we observe, 

1st, That the high tide reaches the Eastern har- 
bours and roads, sooner than those to the West. 

2dly, That between the tropics the tide al- 
ways seems to proceed from East to West. 

3dly, That in the torrid zone, unless there is 
some particular obstacle, the flood tide c-omes 
regularly at the same time to all places under the 
same meridian. On the contrary, in the tempe- 
rate zones it comes sooner to a lower than ^o a 
higher latitude ; but beyond 63^ of latitude the 
tide is not sensible. 

The monthly period is distinguished, 1st, by 
this circumstance, that at the new and full nioons 
the tides rise much higher than at other periods; 
and these are called spring tides ; and when the 
moon is in the quarters, the tides are lowest, and 
are called neap tides. The new and full moons 
are called the syzigies, the quarters the quadra- 
tures : the tides go on increasing from the quadra- 
tures to the syzigies, and decreasing froin the 
syzigies to the quadratures. 

gdly. When the mooa is in the syzigies 
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orquadratures, the tide is at the highest three hours 
after the moon has passed the meridian. When 
the moon is going from the syzigies to the qua- 
dratures, the time of high water is rather sooner 
than these three hours. The contrary happens 
when the moon passes from the quadratures to 
the syzigies, 

3dly, Whether the moon is in the southern 
or the northern hemisphere, the time of high 
tide does not happen any later in northern cli- 
mates. 

The annual period is distinguished by these cir- 
cumstances: — 1 st,That at the time of the equinoxes 
the spring tides are higher than at any other sea- 
son of the year, and the neap tides the lowest, 
because at these periods the^un and moon are in 
the equator. At the solstices, on the contrary, 
the spring tides are not so high as in other luna- 
tions J on the contrary, the neap tidels are not so 
low as at other periods. The tides also are higher 
at the winter than at the simimer solstice. 

2dly, The tides are higher in proportion as 
the moon is near the earth, that is, when she is 
in her perigee. They are also higher when the 
moon is near the equator, and has of course less 
declination. In general then it may be said, the 
highest tides are when the moon is at once near 
the equator, in perigee, and in the sizygies. 

3dly, In northern climates the spring tides 
are higher in the evening during winter ; and in 
the summer they are higher in the morning. 
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It is evident from the detail of these phaenoine-^ 
na, that the tides have a marked connexion with 
the motions of the moon ; and that they are also 
in some degree governed by those of the sun. 
Whence we may fairly conclude that these lumi^ 
naries, and particularly the former, are the natu- 
ral causes of the phenomena of the tides* 

Kepler had long ago conjectured that the gra«* 
vitation of the earth towards the sun and moon 
was the cause of the tides* ^' If the earth ceased,*' 
said he, ^< to attract the waters of the ocean, they 
would be elevated towilrds the moon ; for the 
moon's sphere of attraction extends to our earthy 
and^vidently acts upon the waters/' What was 
mere conjecture in this great astronomer was 
reduced to certainty by the superior genius of 
Newton : upon his principles, therefore, I shall 
eiideavour to explain the theory of the tides. 

The surface of the earth and of the sea is so 
nearly spherical, that it may for the present be re- 
garded as such. This being granted, if we ima- 
gine themoonA{Pl.XXlX. iig. 1 2 1) situated in 
any part above the surface of the sea at E, it is evi- 
dent that the water £ will be attractid by her 
more in that point than any other in the whole 
hemisphere PEH ; there will of course be a tide 

at E. ^ 

For the same reason the water at G will be 
less attracted by the moon than any part of the 
sea in the hemisphere PGH. The water then at 
this part will be less afiectcd by the moon than 
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Al any other ; it will be therefore elevated on the 
opposite side^ and this will make a tide at G. 

By these means the surface of the whole oceaa 
will assume an oval form^ the longest diameter of 
which is £G^ and the shortest PH. As the moon 
then changes her position^ by the earth's diur^ 
nal motion, this oval figure will follow the appa- 
rent place of the ipoon ; this therefore will pro*- 
duce two tides in the course of 25 hours, as be* 
fore established. 

Such is the general theory of the tides. But 
to explain it more fully, let us suppose the moon 
to be at rest, and let us imagine the earth to be a 
solid globe also at rest, covered however to a cer* 
tain depth with a homogeneous fluid, the surface 
of which shall also be spherical — Suppose the 
particles of this fluid to gravitate, as in tact they 
do, towards ttie center of the earth, at the same 
time that they are attracted by the moon. It is 
then certain that if all the particles of the fluid 
with which the globe is covered were attracted 
by an equal force and in a parallel direction, the 
action of the moon wotdd produce no other ef- 
fect than to move or displace the whole mass of 
the globe and of the fluid together, without caus« 
ing any other derangement in the respective si* 
tuation of their parts. 

But, according to the laws of attraction, the 
parts of the superior hemisphere, that is, of that) 
part which is nearest the moon, are more forcibly 
attracted than the center of the globe ; and on 
the contrary, the parts of the inferior hemisphere 
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are less forcibly attracted. It follows then, that 
the center of the globe being moved by the ac- 
tion of the moon, the fluid which covers the 
superior hemisphere, and which is attracted more 
forcibly, must have a tendency to move more than 
the center, and consequently to rise with a 
force equal to the excess of this attraction above 
that which acts upon the center. On the con- 
trary, the fluid which is expanded over th^iferior 
hemisphere being less attracted than the center 
of the globe, will have less tendency to the same 
point. It will of -course have a kind of centri- 
fugal force, nearly equal to-the force which at- 
tracts that of the superior hemisphere. Let us 
then suppose that the moon A, by the force of 
her attraction, draws towards her the center T to the 
extent of 20 feet, and brings it to ^ ; that the part 
E being nearer to the moon, and still more forci- 
bly attracted, is carried to the extent of 30 feet : 
and that the point G being more distant from the 
moon and more feebly attracted than the center T, 
is only drawn as far as g to the extent of 10 feet; 
it is evident that the radii* t e and t g must be 
longer by 10 feet than the radii TE and TG. The 
waters therefore must appear elevated to that ex- 
tent, while they are lowered at p and A. Thu*} 
the fluid (as appears evidently by the figure) will be 
elevated at two opposite points in the line AG, 
in which line are the centers of the earth and the 
moon. If turther the attraction of the sun is 

* The radius is a line from the center Jo the circumference 
cf any circular figure. 
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added to that of the moon, the effect will be 
proportionably greater 5 but if these two attrac* 
tions are placed in counterpoise to each other, 
the effect will be proportionably less. 

The motion of the waters ^f the sea (at least 
that of which we are sensible, and which i^ not 
common to them with the whore mass of tile 
terrestrial globe), is not the effect of the entire 
%actio^of the sun and moon, but of the difference 
between the action of these lumimiries upon the 
center of the earth, and upon the fluid with 
which it is covered, as well on the uppcT as the 
lower surface. It is this difference which we 
call action, force, or attraction, solar or lunar. 
The lunar action, it is to be noted, is much more 
powerful than that of the sun. 

I shall now deduce from the doctrines which 
have been advanced, what* I hope will be found 
a clear and full explanation of th-e principal 
phjenomena of the tides. 

We have seen that the waters of the ocean 

must rise at the same time at that part of the 

ocean which is immediately under the moon, 

and at the opposite point. Consequently, at 

ninety degrees from these points on each side, the 

water must be lowered. In the same manner 

the solar action must elevate the waters in that 

part which is immediately under the sun, and at 

the part diametrically opposite. Combining the 

two actions, we shall find that the elevation of 

the water at the same place must be subject to' 

some variations both with respect to quantity 
VOL. I. a 
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and time^ according as the dolar and lunar ac- 
tions are combined; or according as these forces 
act differently, or against each other. 

Ip genera], in conjunctions and oppositions 
of the sun and moon, their forces are combined. 
In conjunctions these bodies act on the same me* 
ridian; and in opposition, they still act in the 
same line, and each raises the water oa that side 
which is immediately under it. j# # 

In the quadratures, on the contrary, the water 
which is elevated by the sun, is depressed by the 
moon's attraction, for the moon is then ninety 
degrees from the sun. This, then, is the time of 
the lowest or neap tides ; and the highest or spring 
tides happen at new and fuH moon, when thelwo 
luminaries are in conjunction or opposition. 

In the course of every natural day there are 
two tides, which depend upon the action of the 
sun, as in every lunar day there are two which 
depend on that of the moon ; all follow, how- 
ever, the same laws. The effect of the sun, as 
has been stated, is, however, much feebler than 
that of the moon. The reason is, that though 
the mass of the sun is much greater than that of 
the earth and the moon together, yet its im- 
mense distance lessens vastly its force. The 
relative forces of the sun and moon are estimated 
by Newton in the proportion of one to four and 
a half. In general, the nearer the moon hap- 
pens to be to the earth, the greater is its atlrao- 
tion, and the same may be said of the sun. 

Laying aside for the present the action of the 
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«iin on the ocean, the highest tide would be at 
the moment when the moon passed the meridian, 
if the waters had not, like all bodies in motion, a 
vis inerlicBj by which ihey are inclined to reta»u 
the impression ^they have received. But ihi* 
force must necessarily produce two efl'ects-^ It 
must retard the time of high water, and it must 
in general diminish the height of the tide. As 
a proof, let us for a moment suppose the canh 
at rest, and the moon above it in a certain point. 
Abstracting, then, the action of the sun, the 
force of which upon the tides is much le*s than 
that of the moon, the water would unquestion* 
ably rise in that part which was under the moon. 
Let u8 suppose again that the earth turns upon 
its axis ; on one side it turns very rapidly as ta' 
the motion of the moon ; and on the other, the^ 
water which has been raised bv the moon, and 
which turns with the earth, endeavours (if we 
may use the expression) to preserve by its vis 
ineriice the elevation which it has acquired, 
though in withdrawing from the moon it loses 
somewhat of that elevation. Thus the water 
carried forward by the motion of the earth on its 
axis, will be elevated more to the east of the moon 
than ft would have been without this motion ; yet 
it will at the same time he less elevated than it 
would have been directly under the moon, had 
the earth continued immoveable. The motion of 
the earth on its own axis, then, has in general a 
tendency to retard the tinieof high water, and to 
lessen its elevation. 

a2 
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Both after the flux and reflux, the ocean con- 
tinues some time quiescent, neither disposed to 
rise nor fall, because the waters have a tendency 
to preserve the state of rest And eqiiilibrium in 
which they are at the flood and ebb tide; and be- 
cause the motion of the earth, displacing the 
waters with relation to the moon, lessens the 
intensity of the action of that luminary. These 
two efibrts counterbalance each other for some 
moments. We must add also, that the attrac- 
tion of the particles of the fluid to each other, and 
obstacieH of diflerent kinds, which must retard 
their motion, prevent them from passing all at 
once from a state of flood to that of ebb. 

The moon passes above the eastern parts of 
the globe before the western. The flood tide^ 
therefore,- always proceeds in this direction, 
iut the general motion of the sea between the 
tropics from cast to west is more difficult to ex-^ 
plain. This motion is evinced by the direction 
in which all floating bodies proceed there. It is 
observed also that, all oiher things being equals it 
is much easier to navigate towards the west than 
in the contrary direction. M. D' Alembert has de- 
monstrated, in his Inquiry into the Causes of 
Winds, that the action of the sun and moon must 
cause a motion in the waters under the equator 
from east to west. This action must, according 
to the same writer, equally affect the air, and is 
one of the principal causes of the trade-winds. 

If the moon remained always in the equator^i 
it is evident she would then be ^Iways ninety 
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